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CHAPTER I

INTRODUCTION

Need for the Study
The general objectives of science education, as
they appear in educational literature, are widely accepted.
Carleton et al. (1960) have pointed out that these objectives

have changed little in over forty years. Statements of

" the objectives of high school chemistry show no fundamental

differerrce in concept, but are similar to the objectives
of all science courses taught at the high school level.l

In view of the general agreement regarding the
purposes of science teaching it is surprising to f£ind that
tests in high school.chemistry typically are not designed to
measure achievement of most of.these objectives. 'When one
examines commercially available tests one concludes that
these devices test cognitive objectives almost exclusively.
Moreover, undue emphasis seems to have been placed on recall
or recognition of factual information; higher cognitive
activities such as problem-solving and hypothesis;testing

are represented much less frequently. Many chemistry

lDetailed consideration of the objectives is given
in Chapter II.



tests claim to measure more than mere acquisition of facts,
and many at the high school level do include items to
measure understanding of concepts and principles, ability
to interpret data, ability to draw sound conclusions from
data, ability to recognize cause and effect felationships,
and so forth. However, even these tests report achievement
only in terms of a single score. The assumption on which
this practice rests must be that the single score represents
one homogeneous criterion variable. Some chemistry tests
arrange items into appropriate subtests purporting to
measure the higher cognitive objectives but fail to provide
for subtest scores, thus neglecting to draw attention to

the fact that different students obtaining the same total

score may have done so in quite different ways. The wvali-

dities of subtests purporting to measure achievement in the

. higher cognitive outcomes are seldom mentioned in standard-

ized test manuals. The assessment of differential achieve-
ment ih Chemistry is thérefore an area in which comparatively
little research has been reported.

Ancther areé of evaluation which requires much more
study is the influence of personal, attitudinal, and
environmental factors upon the attainment of £he objectives
of a program of studies in high school chemistry. While
many studies have reported on the relationship of chemistry
achievement to nonintellectiye factors, again the overxrall

score or grade predominates in the research design.
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Anderson (1950, 1949) deviséd subtests to
measure specific objectives of high school chemistry
instruction and investigated the interrelationships
of these subtest scores. Using the total score on the
test as a criterion, Anderson studied the relationship
of chemistry achievement to certain factors, primarily
those of teacher qualification, teaching practizes and
teaching conditions in the schools. Attitudes of
students were not a factor in this study, although

~their educational plans were considered.

Edwards and Wilson (1959b) used their Inventory
of Choiges to assign students to two attitude groups
and studied gains in'chemistry achievement made by each
group. The droups were found to differ significantly
in average gain. However, gains were measured only in
terms of a total score; the possibility that different
students could have made equivalent gains by being pro-
ficient in different areas of competence was not investi-
gated in this study.

The two studies mentioned were concerned with
achievement in "traditional" high school chemistry. The
last decade has seen the rise of many new courses of study
in high school science, of which the best known are the
physics course of the Physical Science Study Committee
(PSSC), the biology courses of the Biological Sciences

Curriculum Study (BSCS), and the chemistry courses known
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as the Chemical Bond Approach (CBA) and the Chemical
Education Material Study (CHEM Study). Two studies .
comparing differential achievement in traditional chemistry
and in CHEM Study chemistry courses have been reported.
June Anderson (1964) measured gains in specific cognitive
objectives as did Herron (1965), but neither considered
patterns of achievement, nor studied gains in relation-
ship to nonintellective factors.

To aate no study has been found in which patterns
of achievement in chemistry have been studied and related
to personal, attitudinal, and environmental factors:

hence the need for a study such as the present one.

Statement of the Problem
The questions which this study attempts to
answer are:
1. What variations occur in the attainment of cognitive
objectives of high school chemistry?
2. What patterns of achievement occur with respect to

these cognitive objectives?

3. What personal, attitudinal, and environmental factors
c¢re associated with achievement of cognitive objectives ' |

and patterns of achievement of these cognitive objectives?

Some Notes on the Organization of
Secondary Education in Ontario 4

Under the British North America Act of 1867

autonomy in educatiocnal matters was granted to the provinces



entering Confederation. Elementary and secondary schools
are thus operated under the regulations of provincial
Departments of Education, each headed by a Minister of
Education who is an elected member of the Legislature.
While local Boards of Education, elected by taxpayers,
provide schools and hire teachers, the provincial Department
of Education, among its other responsibilities, exXercises
considerable control over the content of courses of study,
approves textbooks, and provides periodic inspection of
the schools. Various provinces differ in the number of
years of education provided in elementary and secondary
schools: 1in Ontario elementary schooling extends from
Grade 1 to Grade 8 aﬁd secondary schooling f£rom Grade 9
to Grade 13.

Many changes are taking place in Ontario education
at present, and those changes relevant to this discussion
afé included as footnotes. Additional remarks concerning
changes in secondary school science courses will be found
in the second last paragraph of this chapter. The
educational situation described is that of 1964, the year
in which the data for this study were collected.

An Ontario Secondary School Graduation Diploma of
the General Course (formerly the Junior Matriculation
Cerﬁificate) is awarded to successful candidates on
completion of Grade 12, the final examinations being set

and marked by the staff of the candidate's school. A
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Secondary School Honour Graduation Diploma (formerly the
Senior Matriculation Ceftificate) is awarded to the candidate
who obtains standing in eight2 papers at the Grade 13 level.
In this case the examinations are external, énd are set
and marked by committees on which Ontario universities are
well represented. These examinations are conducted annually
in June.3 However, the Secondary School Honour Graduation
Diploma is in itself not a sufficient qualification for
entrance to an Ontario university. Admission requirements
vary with the university and also vary for different courses
within the university. A common requirement for university
entrance has been a standing of at least 60 percent in nine
Grade 13 papers,4 including English Literature and English
Composition, and two papers in a second language. (The
passing grade. for all secondary school subjecfs at all grade
levels is 50 percent of the marks assigned to the questioﬁs
in each examination.)

The secoﬁdary school science program for the 2,339
Grade 12 students studied in this research was ﬁhat pre-
scribed for the General Course, a col;ege—preparatory course.

(Science programs in commercial and vocational courses are

2Now reduced to seven credits including two credits
in English.

3The Grade 13 Departmental Examinations were dis-
continued after June, 1967, and have been replaced by
examinations set and marked in the candidate's schor’

Now seven papers. The two English papers have
been combined into one, as have the two papers of each
second language.
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less rigorously prescribed.) The General Course science

program consisted of the following sequence:

Grade 9 - General Science (physical science, mainly
elementary physics)

Grade 10 - General Science (biology)

Grade 11 - Physics (traditional course)

Grade 12 - Chemistry (traditional course)

In Grade 13 these students could elect from
chemistry, physics, botany, and zoology those subjects
which might be required for entrance to the university
course of their-choice. At the Grade 13 level no minimum
number Of science courses is stipulated; many students
might decide not to étudy any science subject, preferring
to concentrate, say, in languages.

Some distinctive features of the science sequence
offered to Ontario General Course students are the
following:

1. All science courses are centrally prescribed; while
schools may teach the topics in any course in any
order, the topics listed must be taught. (Some
courses list optional topics, but most topics are
obligatory.)

2. Grade 9 Science is a compulsory subject.

3. After completing Grade 9 a student continues the
regular progression outlined ébove unless he decides

to discontinue the study of science,




k 4. A student rarely enrolls in Grade 1l Physics without
successfully completing Grade 10 Science.

5. A Secondary School Graduation Diploma requires the
completion of courses in Grade 11 and 12 English,
History, and Physical Education; plus four options,’
one of which may be Science. To obtain credit for
the science option the student must have completed
both.Grade 11 Physics and Grade 12 Chemistry.

6. Enrollment in Grade 12 Chemistry has been estimated
to be 64 percent of the total Grade 12 enrollment,
and 77 percent of the number of students completing
the requirements for the Secondary School Graduatioﬁ
Diploma.5 Since a course in high school chemistry is
an entrance requirement for many schools of nursing,
a substantial proportion of the enrollees are girls.

7. Only two textbooks (Cragg, Graham, and Young, 1959;
Croal, Couke, aﬁd Louden, 1958) are approved for use
in the Ontario Grade 12 Chemistry Course.

8. The Grade 12 Chemistry course is usually taught.in
five or six 40~ or 35-minute periods per week. The
Grade 13 course was designed to be taught in five
40-minute periods per week.

9. Since Grade 13 Chemistry is a second course in that
subject, many topics that would be taught in a

conventional one-year chemistry course are deferred

5Figures supplied by Dr. J. A. Keddy, Manager,
Education Data Centre, Ontario Department of Education,
Feb. 1, 1966.




until the second year and given treatment in greater

depth. Equilibrium and reversible reactions, theory '

qf atomic structure, ionization, normal solutions,

detailed study of groups in the periodic table

of elements, redox reactions, and orgaﬁic chemistry

are topics normally taught in Grade 13, although

some teachers introduce some of these topics in

Grade 12. Thus, the Ontario Grade 12 Chemistry

course may not be as comprehensive as one-year

chemistry courses offered in an eleven—~ or twelve- i

yvear elementary-secondary school program, but the

two-year sequence of chemistry courses provided

in Ontario's secondary schools is likely to be

more comprehensive than most one-year chemistry

courses offered elsewhere to college—bouﬁd students.
10. Agricultural Science, Parts I and II, is taught in

some schools iﬁ place of Grade 1l Physics and

Grade 12 Chémistry. There is a large overlapping

of the subject matter between the Agricultural

Science courses and Physics and Chemistry. Schools
teaching Agricultural Science in place of Chemistry
were not included in this study.
It should be noted that the Grade 12 students
studied in this investigation formed the last group to
follow the progression of science courses outlined. 1In

September of 1961 a new course of study in Grade 9
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General Science was introduced; this course consisted of
elementary physical science (four to five months) and
biology (mostly zoology) for the remainder of the year.
In Septeﬁber of 1962 a new Grade 10 course in General
Science was begun, and consisted of botany (approximately
three months) and physical science for the balance of
that year of study. Physics and chemistry continue to
be taught in Grade 11 and Grade 12 respectively, but a
revised, PSSC-oriented course in physics was introduced
in September of 1963. A revised chemistry course for
Grade 12 was introduced in September of 1967. Many
of the topics formerly taught in Grade 11 and Grade 12
now appear in the ne@ Grade 9 and Grade 10 courses. As
a result the students succeeding the Grade 12 group
studied in this research have a substantially different
background in secondary school science.

A copy of tﬂe Ontario Grade 12 Course of Study
in effect in 1964 forms Appendix A. A brief paper by
Lucow (1965) provides some general information on Canadian
education prevailing at the time the study began. For
greater historical perspective the reader is referred to
Phillips (1957). A recent work by Harris (1967) describes
the Ontaric educational system as it has evolved and at
preéent <Xists; unique and distinctive features of the

Ontario educational system are identified and explained.



CHAPTER II

A REVIEW OF LITERATURE RELATED
TO THE INVESTIGATION
The purposes of science instruction have been
abundantly discussed in the literature. It is the
purpose of this chapter to review recent literature on
the objectives of science education with particular
referénce to the secondary school teaching of chemistry.
Since the Taxonomy of Educational Objectives and the
Inventory of Choices‘of Edwards and Wilson play a central
role in the investigation, the literature concerning

these two devices is reviewed in considerable detail.

The Objectives of Science Education

'Scientific Literacy

Johnson (1962) states that the overarching goal
of science education is the development'of a scientifi-
cally literate citizenry. A scientific literate
exhibits curiosity about the how and why of materials
and events and shows interest in the hearing and reading
of those things which claim the time and attention of
scientists. The interest is not lessened by unwelcome

ideas and events. A scientifically literate person may

11
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not create scientific ideas, but he is conversant with
current ideas in science.

Openmindeaness about his own ideas and those of
others élso characterize the scientific literate. He
is accurate in his observations and descriptions. His
first expression of an idea is a hypothesis which is
followed by further studies and critigal Observations;
he is able to adjust his thinking in terms of new
information. He expects the same accuracy in others
and insists on being given the basis for the making of
a judgment about the quality of ideas. This attitude
carries.over into all afeas, such as philosophy, foreign
affairs, and so on. |

In Johnson's view scientific literacy is also a
matter of feelings and values, but these must be founded
on broad knowledge, which, in most cases, begins in the
classroom. Thus the goals of science instruction in the
schools are'most.important: one must consider the kinds
of knowledge that should be presented and the specific
attitudes and skills that should be instilled in students.

A major step in the study of scientific literacy was"
the formation, in 1965, of the Scientific Literacy Research
Center at the University of Wisconsin. One of the first
tasks of the Center was to define and describe the concept
of scientific literacy; this was done by searching the.

literature published from 1946 to 1964 and analyzing the
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references to scientific literacy. Pella, O'Hearn, and
Gale (1966a, 1966b) report on their analysis of more than
100 documents in Ehe form of articles in professional
journalé, popular magazines, newsletters, conference
reports and bulletins, and chapters in books. It is
interesting to note that more than half of these docu-
ments were dated between 1960 and 1964.

Six referents to scientific literacy were isolated;
these are listed here in order of frequency of mention.
A scientifically literate person has an understanding
of the
1) interrelationships of science and society
2) ethics thatAcontrél the scientist in his work
3) nature of science
- 4) basic concepts of science
5) differences between science and technology
6) interrelationships of science and the humanities.
It should be notéd that in the documents examined, the
first three referents were mentioned at least twice as
frequently as the last three referents.

In essence, the referents are concerned with what
science is and Qhat scientists do; these ideas afe central
to the whole discussion of the objectives of science
teaéhing. Nagel (1963)'presents a very concise account
of the three aspects of contemporary science which help

to define its nature and aims and to amplify the above




14

referents:

1.

Practical control over nature. This aspect of

science is the ultimate justification to the majority
of people, and it is this aspect which is emphasized

to the neglect of the other aspects. Although this

feature is not the sole or main motive of scientific

inguiry, when such a motive is made focal, the
plicture of science is distorted, giving rise to

the image of the scientist as an infallible miracle-
worker. The tendency to make the scientific enter-
prise respohsible for the barbarous uses to which its

findings are sometimes put appears plausible when

~ science and its technological fruits are equated.

Attainment of systematic but reliable knowledge. The

aim of science is to demonstrate events and processes

as instances of general laws and theories which formulate
invariable paﬁterns of relations between things. In
pursuing this.aim science satisfies the craving to

know and understand, and thus has been a major force

in the development of liberal civilization.

Science must be distinguished from "common sense, "
which has the limitations of being imprecise, fragmented,
myopically utilitarian, and applicable only in routine
éxperience; common sense beliefs are frequently mutually
inconsistent, leading to the arbitrary adoption of one

belief or another and a disregard for alternative
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possibilities for handling concrete problems. In
fact science deliberately attempts to produce conclu-
sions freed from the limitations of common sense.

Despite the general reliability of scientific
findings neither scientific reports of specific
matters of fact nor the theories and laws of science
are infallibly true and in principle incorrigible.
First principles of science remain corrigible.

The scientific method of inguirv. This is science's

most permanent feature and is the ultimate warrant for
confidence in the conclusions of scientific inquiry.
The scientific method is common to all sciences—all
sciences employ the same principles in evaluating

the weight of evidence, the same canons for judging
the adequacy of proposed explanations, and the same
criteria for deciding between alternative hypotheses.
Scientific method is thus the general logic employed
fof'assessing'the merits of an inquiry.

Science is essentially a social institutién, and
its objectivity a product of a community of thinkers;
scientific ideas must survive the éross fire of
critical commentary that independently acting minds
supply.

Scientific inquiry does not consist just in the'
collection of facts; unless the facts are selected with

reference to hypotheses, the inquiry is blind and
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aimless. Hypotheses are "free creations of the mind"
analogous to creative effort in the arts. Hypotheses
are tested against facts and against other hypotheses
concordant with fact.

Perhaps the most important concept is.that of con-
trolled inquiry, wherein an eliminative procedure is
instituted to ascertain the differential effects of a
factor assumed to be relevant to the occurrence of a
given phenomenon. The reliability of scientific
conclusions is largely a function of the number and
rigor of the controls imposed.

Measurement serves a threefold purpose in the conduct
of inquify: (a) to increase the precision of formula-
ting facts and explanations so that the formulations
can be tested more easily, (b) to make poséible finer
discriminations of traits which in turn enables state-
ments of Eréits to be subjected to more rigorous controls,
and (c) to pefmit more comprehensive comparisons between
diverse events so that relations between thiﬁgs may be
formulated accurately and systematically.

It is important to note that Nagel considers a
scientific method to exist, but not for the purpose of
obtaining new ideas or discovering solutions to problems.
One must distinguish between the logic of verification
and generalization vis-d-vis the creative construction of

valuable hypotheses — a process that cannot be logically
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reconstructed.
Conant (1946, 1947), Bronowski (1951, 1955),
Holton (1960, 1963), Shamos (1961, 1963), and Johnson
(1962) may be taken as representative of the authors
read in the analysis ccnducted by Pella, O'Hearn, and
Gale (1966a). ~The points of view of these authors are
essentially similar to those of Nagel whose exposition
synopsized here was.not included in their analysis. It
is significant that none of the authors cited by Pella,
O'Hearn, and Gale suggested all six referents to
scientific literacy. T
It would seem then that the purpose of science
teaching is served largely by communicating to the
student'an understanding of the nature and aims of
science.
Evolution of the Goals
of Science Education
A brief summary of the historical development
of the goals of science education should help in under-

standing the issues today confronting. science educators

in their effort to develop scientifically literate

individuals. Johnson (1962) presents such a list. The
goals are stated in their chronological order of
development.

1. Mastery of subject matter. This aim has been the

dominant aim of most science teaching. The result of
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critical and careful studies by scientists, the body
of scientific knowledge is growing and becoming more
accurate through repeated checking; however scientific
information is now estimated to be doubling itself
within a period of 11-13 years (Strong and Benfey,
1960; Strong, 1959; Price, 1956). A major problem
is to determine what knowledge should be selected
for téaching purposes from the immense quantity now
available. The appropriate grade level of the intro-
duction of specific information is also a problem.
Several decades ago it was realized that science

instruction based largely on this goal is inadequate.

2. Instilling scientific attitudes. Some desirable viewpoints

proposed were that strange and mysterious occurrences

are explainable by natural causes; that final conclusions
should not be based on one or few observations; that one
should develop a continuing curiosity about materials
and events. ﬁnfortunately the development of scientific
attitudes has been treated in haphazard fashion, often
poorly spelled out and with few specific suggestions

for implementat;on. Mastery of subject matter was

still the dominant aim.-

3. Great ideas or underlving principles of science. As

lists of the underlying ideas and principles began
to appear, a new focus for curriculum building was

pravided. Notable changes in approach ensued.




4. Personal creativity in scientific enterprise. The

ability to identify and solve problems came to be
regarded as an important aim of science. The
emphasis was now placed on developing the ability

to apply principles in new situations, to understand
cause and effect relationships, and to select facts
pertinent to a problem and draw sound conclusions
from 6bserved data.

In the development of the goals of science
education the more recent goals have not superseded the
earlier ones, but have incorporated these into the over-
all aim: the later goals are thus new dimensions added
to .the original goals still considered important.

The newer courses in seécondary school science
attempt to implement the integrated complex of goals.
These new courses are alike in that they have reduced
substantially the body of knowledge required in the
course, and that.they avoid rote memorization of a mass
of information; in addition the stress on unifying
principles has given them a coherence which former courses
lack. Problem-solving and other creative acts are
emphasized. However, the new courses do not emphasize
uniformly the complex of goals discussed; differentia;
emphasis on these goals is seen especially in the work

of several national committees and in the new courses
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they have produced within the last decade.l A case in
point in the field of secondary school chemistry is the
divergent approéches of the Chemical Bond Approach group
(structufal approach) and the Chemical Education Materials
Study group (laboratory approach), although neither group
considers the course it has devised a definitive one. A
similar case prevails in secondary school physics: the
rigorous approach developed by the Physical Science Study
Committee stresses the structure and evolution of physics;
the program known as Harvard Project Physics emphasizes
the humanistic background of the sciences, the effect
which physics has had on other sciences, and the inter-

action of science and technology. (Harvard Project Physics

Progress Report, 1967; Harvard Project Physics Newsletter 1,

1964)
Fischler (1963) and Rutledge (1962) discuss the

consequences of the divergent paths now pursued in science

education. 'Fiscﬂler points out that areas of duplication
exist between the new courses in physics and chemistry,
and between the dhemistry courses and two of the new
biology courses. Rutledge notes that two problems which
have not been solved by the new emphases in high'school

are the matter of general versus specialized science

lFor brief descriptions of these courses see Lockard
(1967), Gatewood and Obourn (1963, pp.362-371) or Science
Education News (December 196l1l). Interpretive summaries have
been provided by. Haney (1966, pp.3-18) and Hurd (1962).
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education and the articulation of secondary school
science courses with each other and particularly with
science programs in the junior high school. In fact

the new courses have intensified rather than resolved
the problems; the integration of'new courses into an
overall program extending from elementary school to
senior high school is beset with complications. Concern
is also éxpressed that in the anxiety to stress the
newer aims Of science education, technology which is now
an important part of our environment may be ignored.
Rutledge stresses that the new courses must be constantly
reevaluated; constant revision and redevelopment are
essential. It is significant to note that most of the
newer courses mentioned are at present undergoing or
have just undergone substantial revision, based on the

results of experimental teaching and searching criticism.

Problems of Communication

To compare statements by various writers of the-
goals of science education is difficult, since the goals
are expressed with varying specificity. The statements
of objectives whiqh have been mentioned thus far may be
regarded as being so general that the teacher finds
them of little or no use in carrying out classroom tasks .
or directing his efforts to better instruction. Burnett

(1957, pp.l75-176) feels that aims must be stated in
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considerable detail and related to desired behaviors

so that they may be translated easily to the classroom
situation. On the other hand it is possible for such
aims to be so specifically defined and concomitantly
numerous that they become unmanageable and obscure the
purpose of science instruction. Illustrations of the
proliferation possible are afforded by Martin (1948)
who listed 300 principles of biological science signi-
ficant for general education, and Wise (1941, 1942) who
identified 272. principles pf physical science signifi-
cant for general education. These principles are,

when specified in such detail, indistinguishable from
specific aims.

Dressel (1960, p.éO) feels that the proliferation
of objectives causes difficulty and. suggests that a few
objectives of special significance should be clearly
identified and then emphasized among science teachers.
Both Burnett-and-Dressel are concerned with different
aspects of the same problem, and while a broad statement
of an objective must be broken down into detailed opera-
tional terms before it can be implemented, a few broad
aims which can be readily kept in mind and from which
detailed behavioral objectives can be deduced will pro-
vide focus to the teacher's thinking and practice. The
six referents to scientific literacy listed by Pella,

O'Hearn and Gale (i966a) serve. this purpose.
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The objectives of science education have
therefore been stated in various ways in many publica-
tions such as textbooks on the teaching of science,
reports and recommendations of curriculum study groups,

. courses of study, preambles to research studies in
science education, surveys conducted by government and
industry, standardized test manuals; articles and books
dealing.with science education and curriculum development,
and so forth. While superficially the objectives may
seem to vary widely and dgnote many different things,
general agreement is found on critical examination, as
‘was observed in the work of Pella, O'Hearn and Gale |
(1966b) . The following works are representative of those
containing recent statements of objectives: Blanc (1952);
Burnett (1957, pp.l19-24, 35-41); Dressel and Mayhew (1954,
chap. 5); Fitzpatrick (1960, pp.5-7, 26-29, 51); Hurd

et al. (1960, chap. II); Johnson (1962); Modern High

School Physics: A Recommended Course of Study (1959,

pp.6, 66-67); Morris (1961, pp.94-99); Science: An

Interim Report of the Science Committee (1963, pp.l-9);

Sears and Kessen (1964, pp.3-6); Secondary Modern Science

Teaching, Part 1 (1954, chap. l); The Teaching of General

Science (1950, chap. 3):; The Teaching of Science in

Secondary Schools (1958, chap. II); Washton (1967, pp.34-45,

86-87, 134-136).

In no case do the stated objectives contradict




the aims of science education mentioned previously nor
do they add any new fundamental concept to those concepts
listed. It is reasonable therefore to conclude that
the broad aims of science education are widely accepted.
Carleton et al. (1960) claim that for forty years there
has been general agreement regarding the purposes of
science teaching: authoritative pronouncements of the
objectivés of science education made periodically since
1920 have shown remarkable similarity. A comparison of
the statements of objectives made in the publications
referred to above bears out the constancy and general
acceptance of the aims.

To recapitulate, the main goal of science educa-

tion is to instill in the student an understanding of

24

the nature of science and its basic concepts; the interrela-

tionships of science and society, the humanities and tech-
nology; and the ethics of the scientist. It must be
emphasized that this aim is accomplished only by having
the student behave like a scientist and pursue the |
activities of science, within the limitations of the
student's knowledge and abilities, in a large number of
situations. It is essential that the student experience
the joys and frustrations of the scientific enterprise
first hand, through involvement in selected representati&e

scientific exercises.
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The Goals of Secondary
School Chemistry

In general the objectives of secondary school
chemistry teaching are the same as those of all science
teaching (Sutman, 1965); specific differences occur largely
in the means of acnieving the ends, and are dictated by
the nature of the subject matter and laboratory procedures
that pertain spe?ially to chemistry. This similarity is
reflected in the fact that comparatively few references
to the objectives of teaching chemistry are found in the
literature. Most literature dealing with the objectives
of science education conveys the impression that a science
sucﬁ as chemistry adds no general aim to those stated.

This is to be expected since chemistry is by nature a
fundamental science, depending little on such -sciences as
biology and earth science, for example, for conceptual
contributions.

Some recent publications point up the essential
similarity of the aiﬁs of teaching high school chemistry
and the goals of science education in genefal: Fitzpatrick,
(in Pierce 1960, pp. vii-viii); Klubertanz (1955); Montean,
Cope and Royce (1963, pp.36-37); Morris (1961, pp.95-96, 164);
Pierce (1960, pp.3-4); Sutman (1965, p.292); "The Reed
College Conference on the Teaching of Chemistry" (1958);

Uricheck (1967, p.6); White (1967, p.l1l2).
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The Gap Between Theory
and Practice

The foregoing discussion has emphasized that
statements of the objectives of science teaching as they
appear in the literature have changed but little and are
generally accepted. There seems to be agreement in what
should be taught, but in practice what is taught may not
help pupils reach some of these objeétives.

The Encyclopedia of Educational Reseaxrxch (1960,

p.1220) makes reference to the gap between theory and
practice. Among others who are concerned about the
discrepancy existing between statements of o jectives

and classroom practices are Sutman (1965, pp.291-292),
Fischler (1965, pp.402-403), and Carleton et al.' (1960,
pp.152~153) . Studies by Beauchémp (1932) and Obourn

(1950) show that the inconsistency has persisted for

some decades. That the situation is not confined to the
North American continent is evidenced by the criticisms
leveled at chemistry education practices in English second-

ary schools (Brown, 1962, pp.593-5; Science in Secondary

Schools, 1960, p.120) and in Australian secondary schools
(Short, 1962, p.l). Short sums up the situation as follows:

Despite-the efforts of teachers and others con-
cerned, thousands of students have spent time and enexgy
in the study of chemistry without reaching any significant
measure of understanding of the scientific pxocess, with-
out ever engaging in a real experiment and without discover-
ing what the subject is really about.

In the past' decade research evidence that the gap
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exists in the secondary schools has been offered by
Aylesworth (1960, pp.372-373) who concluded that a
selected group of science teachers did not appreciate

the meaning of problem-solving and their role in the
teaching of this process. Allen (1959, pp.38-41) in

a study of attitudes held by high school seniors found
evidence of misunderstanding and ignorance of the nature
of science and the interaction of science and society;
several misconceptions were revealed in the image students
held 6f the scientist. Mead and M&traux (1957), in a
surVLQAOf more than 130 high schools, found that a minority
of students had a favorable image of the scientist while

a majority had a disfinctly unfavorable impression.

The new "alphabet" courses (PSSC, CBA, CHEM, BSCS,
and so forth) may be considered as designed to £ill, or
at least narrow, the gap between the aims of science
education as reported in the literature and prevailing
classroom practicés. Pella's (1967, p.354) analysis of
these new courses reveals that they make no mention of
either the relationship of science and technology or the
social implications of sciznce; he notes also that new
courses and conventional courses alike give no attention
to "science and the humanities,” one of the six referents

to scientific literacy.2 He reports that many teachers

2Harvard Project Physics was not included in
Pella's analysis.



teaching the new courses continue to have pupils memoriie
large numbers of facts with little or no attention given
to concept development. Sutman (1965, p.291) claims

that the new courses seem not to be improving the compre--
hensive high school's preparation of students for work '
in "pure" abstract science. Anderson (1964) and Herron
(1965) both present evidence to suggest that students of
lower ability gain more in ability to analyze elements,
relationships, or organizational principles of a communi-
cation when enrolled in conventional chemistry classes
than when enrolled in the CHEM Study program.

Reasons have been advanced to account for teaching
practices falling short of stated aims. Johnson (1962)
claims that teachers in general do not know the processes
of science and scientists in action; teachers need actual
research activity to come to realize what scientific
activity is. Fischler (1965, pp.402-403) asserts that the
process of inquify is misunderstood by many teachers, apd
that teachers may not appreciate the purpose of the course
they are teaching. A study by Behnke (1959) which found
disagreement between high school teachers and scientists
on fifty statements pertaining to the nature of science
and scientists in society supports the claims of Johnson

and Fischler. Sutman (1965, p.291-292) feels that the

vast majority of school age youngsters are unable to

28

think abstractly to the extent required by the new courses
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in science. Ausubel (1965, pp.259-260, 263-264) feels

that lately the process of inquiry has been emphasized

at the expense of organized subject matter. Sutman (1966,
pPp.495-496) agrees that the process oxr discovery approach
has been overemphasized and claims that as a result overall
improved understanding on the part of high school graduates
has not occurred. Rutherford (1964) .maintains that not
much progress toward the teaching of science as inquiry
can be expected until teachers become well grounded in

the history and philosophy of science and are akle to view
scientific inquiry as part.of the content of science
itself.

The discrepancies between theory and practice
show'up most plainly in the evaluation procedures employed
to assess the achievement of students in science. There
the absence of embhasis on objectives other than acquisi-
tion of knowledge and solving of routine numerical problems
is especially noticeable.

Reasons for the wide variation between stated
objectives of science teaching and those which persist in
the classroom are often attributed to the fact that examina-
tions and tests used in the schools, and in larger adminis-
trative units as well, test mainly factual knowledg=. This
point is made by Burnmett (1957, »p.238-239) and by Morris
(1961, pp.1l00-142). Morris found excessive stress placed

on the recall of fa~tual knowledge in Australian external




chemistry examinations. Brown (1962, p.594) quotes the
chemistry panel of the Science Masters' Association in
England as saying “examinations should test what it is
desirablé to teach rather than that teaching should be
directed to what is readily examinable." The British

Ministry of Education Inspectors in Science in Secondary

Schools (1960, p.71) claim that the tendency to concen-
trate on measuring memorized facts results from the
relative ease of construction of questions for this pur-
pose and the difficulty of testing achievement in the non-
factual areas. Bebell (1962, pp.4-6) believes that there
is greater emphasis upon that which is easier to measure
than upon that which is important to measure; he cites
the neglect of more elusive and important learnings such
as critical thinking, creativity, and problem solving
because of the difficulty in developing the measuring
tools.

Dressel (1960, p.59) says:

, Since one of the axioms of measurement is that
objectives not tested in examinations are not real
objectives to students, it behooves every teacher to
include items in examinations which measure accomplish-
ment of all of the real objectives of a course....
Objectives involving scientific methods and attitudes
will then become explicit goals of science instruction,

both to teachers and to their students.

The authors of The Teaching of General Science

(1950, p.1l17) make this statement:

It is one of the dangers of any system of examina-
tions that we may come to value only what we can test,
and this peril should be ever present in the minds of
both teacher and examiner. -
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Brown (1962, p.593) points out that the external
examination syllabus becomes, in the practice of teachers,
identical with the teaching syllabus. In Ontario the
courses of study for Grade 13 subjects are set by the
Department of Education and until recently the science -
course prescriptions have been characterized by lack of
flexibility. The external examination syllabus has
been the teaching syllabus for Grade 13 Chemistry. 1In
the experience of the present investigator many teachers
of Grade 12 Chemistry consider an important function of
-that course to be preparation of the student for the.
examination in Grade 13 Chemistry; these teachers there-
fore have emphasized in their teaching and testing the
somewhat limited range of objectives tested in the
external examination which terminates the Grade 13
Chemistry course.

In spite of ﬁhe rather obvious need to have tests
constructed to measure the accomplishment of a wide range
of goals, such tests are generally not available to the-
teaching profession. The limitations of commercially
published.tests have been recognized by Ahmann and Glock
(1963, p.350), Nunnally (1959, p.270), and Thorndike and
| Hagen (1961, p.289).

The situation just described is regarded as
serious, since evéluation is used to ascertain what

changes a course produces in pupils, to determine how
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the course produces such changes and what parameters
influence the effectiveness of the course. Cooley and
Klopfer (1963, p.73) claim that the selection of appro-
priate evaluation instruments is probably the most
crucial aspect of research and development in the areas
of curriculum and methods. The need for curriculum
evaluation is stressed by Novak (1963, p.6) who described

the work thus far as "superficial at best." The_Encyclo-

pedia of Educational Research (1960, p.485) concludes

its section on evaluation with the following words:

In general the research needs in the field of
educational evaluation continue to be (a) improved
procedures for identifying the significant educational
outcomes and translating them into observable student
behaviors; (b) improved devices for appraising student
behaviors — improved in the sense of being more valid,
more reliable, or more administratively feasible; and
(c) improved ways of integrating the results of these
appraisals into a comprehensive evaluation of a student
or a school program.

There have been, in the last decade, many attempts
to communicate to the teaching profession the serious
nature of the problem described and to suggest ways and-

means Of improving the situation. Teaching for Critical

Thinking in Chemistry (1958, pp. 22-31), published by the

National Science Teachers Association, Problem Solving

Through Science (1959) prepared by the Northern California

Science Committee, and Problem Solving Methods in Science

Teaching (Mills and Dean, 1960), are some of the publica-

tions designed to show teachers how objectives other than
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the acquisition of knowledge may be attained.  Klopfer and
Cooley (1963) report on'a project designed to use materials
drawn from thé history of science to convey important ideas
about science and scientists; thése History of Science

- Cases materials were designed for use within existing
courses in high school'biology, chemistry, or physics. The
method has proven effective in increasing student under-
‘standing of science and scientists, with little or no loss
of achievement in content of the high school courses.

In the area of evaluation publications have stressed
the feasibility of testing for objectives other than
factual .recall. Nelson (1958) provided a guide to test
quality and gave many examples of suitable items. Monaghan
(1960) indicated some ways in which objective test items
may be'developed to evaluate thinking ability, and

provided many examples. In England, Examinations Bulletin

No. 3 (1964) and Examinations Bulletin No. 8 (1965)

encourage tﬁe usé of examination questions requiring
higher level mental'processes. Butts (1964) designed a
"tab" test to evaluate problem solving ability. Hedges
(1966) published a book devoted entirely to testing and
evaluation in science; the book showed in detail how to go
about constructing items to measure the various objectives’
of science teaching. Nedeléky.(l965) published a book

on science teaching in which several chapters are devoted
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to testing; a very comprehensive list of possible
objectives of a course in physical science is provided
together with examples of items useful in assessing

student’achievement in these objectives. Analyses of

Science Tests (1959), published by the National Science

Teachers Association, critically surveyed standardized
tests available for use in science classrooms; the
report stressed the dearth of well-constructed and well-
validated tests in science and the tests' emphasis on
retention of specific facts.

Anderson (1950, 1949), in a study characterized
by excellent statistical design, devised subtests to
measure (a) acquisition of factual information in
science, (b) understanding of the principles of science,
(c) understanding and use of the scientific method, and
(d) acquisition of scientific attitudes; one part of his
investigation dealt with the cdrrelations between these
subtest scores, their correlation with IQ, and the contri-

: butioné of the three other subtest scores to the explainable

variance of objective (c). In another part of his study
Anderson attempted to determine which factors in the
teaching situation contriﬁpte to the achievement of the
objectives of science instruction. Unfortunately Anderson
combined the results of the subtests measuring the
specified objectives into one overall score, and thereby

reduced the usefulness of the study.
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Perhaps the greatest impediment to effective
evaluation has been the inability of teachers to trans-
late the broadly stated objectives of science instruction
into opérational terms. The need for casting the state-
ments in behavioral terms has been sounded by Burnett
(1957, pp.l75-177), Fischler (1963, p.350), Watson (1962,
p.282) and others. Cooley and Klopfer (1963) illustrated
how items may be written to specified objectives and refined
through anqusis in order to evaluate educational innovations.

In recent years Bloom's "Taxonomy of Educational
Objecfives" has received mucl. attention as a system of
classifying behavioral objectives; Morris (1961, pp.88-90)
and Washton (1967, p§.86—87) have commented on the suita-
bility of this system for classifying the objectives of
science instruction, and Hedges (1966) uses the system
throughout his book.

One advantage in using the Taxonomy of Educational
Objectives is that the shortcomings of evaluation instru-
ments and the variance between stated objectives and
classroom practices are thrown into sharp focus. A number
of studies attest to this fact: Lawrence (Cox and Unks,
1967); McGuire (1963a); Morris (1961); Scannell and
Steilwagen (1960) ; Tyler and Okumu (1965). Since the
Taxonomy of Educational Objectives is reviewed in detail
in the following section of this chapter, the findings of

these studies will be treated there.




The Taxonomy oOf Educational Objectives

Description

The idea for a taxonomic classification of
educational objectives arose during an informal meet-
ing of college gxaminers at the 1948 American Psycholo-
gical Association Convention in Boston. Bloom and
others,‘confronted with the task of providing a meaning-
- ful frame of reference to facilitate communication among
educators and examiners, met annually on an informal
basis to develop a symbolic system for classifying the
objectives of education; their product was published as

the Taxonomy of Educational Objectives Handbook I:

Cognitive Domain (Bloom et al., 1956). The Handbook

is a group product, representing the contributions of

more than thirty specialists in testing. This version

of the Handbook resulted from the suggestions and

criticisms of several hundred readers to whom the pre-

liminary edition was distributed for critical examination.
The Taxonomy of Educational Objectives is the

result of logical rather than empirical investigation,

and forms, "a grand index of all the variables which

instructors and educational testers have suggested

measuring for the purpose of evaluating instruction”

(Cronbach, 1960, p.375).
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The complete taxonomy consists of three domains:
cognitive (recall or recognition of knowledge, develop-
ment of intellectual abilities and skills), affective
(intereéts, attitudes, values, appreciations, emotional
sets or biases), and psychomotor (muscular or motor
skills, manipulation of materials or objects, acts requir-
ing neuromuscular coordination). The affective domain
has been elaborated in Handbook II (Krathwohl, Bloom,
and Masia, 1965) but the psychomotor domain. remains to
be developed. A short description of the cognitive
domain and some suggestions for its use appear in Cronbach
(1960, .pp.374-380) ; a more detailed account of the
Taxonomy of Educatiénal Objectives and its potential uses
is found in Lindvall et _al., (1964, chap. 3). Handbook I
(Bloom et al., 1956) contains the most complete and
detailéd description of the cognitive domain.

As outlined in Table 1, the Taxonomy of Educational
Objectives, Cogﬁitive Domain3 has six major sections:
Knowledge, Comprehension, Application, Analysis, Synthesis,
and Evaluation. Passing from simple to more complex
behaviors usually associated with thinking, the cognitive
domain spans objectives from simple recall of factual
material to highly original and creative ways of combining

and synthesizing new ideas and materials.

3Hereinafter referred to as the Taxonomy.
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TABLE 1

SYNOPSIS OF THE TAXONOMY OF EDUCATIONAL OBJECTIVES
(COGNITIVE DOMAIN)

1.00 KNOWLEDGE Remembering something in a form very close to
that in which it was originally encountered.

1.10 Knowledge of specifics. Recall of bits of concrete
information.

1.11 Knowledge of terminology.
1.12 Knowledge of specific facts.

1.20 Knowledge of ways and means of dealing with specifics.
Includes methods of inquiry, chronological sequences,
standards of judgment, patterns of organization within
a field.

1.21 Knowledge of conventions, accepted usage, correct
form and style, etc.

1.22 Knowledge of trends and sequences.

1.23 Knowledge of classifications and categories.

1.24 Knowledge of methodology for investigating
particular problems of phenomena.

L1.30 Knowledge of the universals and abstractions in a field.
Includes organization of ideas by means oOf theories.

1.31 Knowledge of principles and generalizations.
1.32 Knowledge of theories and structures (as a
connected body of principles).

2.00 COMPREHENSION Understanding of material being communicated,
' without necessarily relating it to other material.

2.10 Translation from one set of symbols to another
(i.e., to go beyond recall and restate the material).

2.20 Interpretation. Explanation or summarization of a
communication (i.e., a reordering ‘or new view of the
material).

2.30 Extrapolation. Extension of trends beyond the given
data to determine implications, consequences, corollaries,
effects, etc.
Interpolation is considered part of this process.

3.00 APPLICATION The use of abstractions in particular and
concrete situations.
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TABLE 1 — Continued

4.00 ANALYSIS Breaking of a communication into its parts
so that the organization of ideas is clear.

4.10 Analysis of elements. Identification of the elements
included in a communication, e.g., recognizing unstated
assumptions.

4.20 Analysis of relationships, e.g., skill in comprehending
" the interrelationships among the ideas of a passage.

4.30 Analysis of organizational principles, e.g., recognizing
techniques used in persuasive materials, such as
advertising, propaganda, etc. '

5.00 SYNTHESIS Putting elements and parts into a whole.

5.10. Production of a unique commiunication.

5.20 Production of a plan, or proposed set of operations.

5.30 Derivation of a set of abstract relations.

6.00 EVALUATION Judging the value of material and methods
for given purposes. Qualitative and quantitative

judgments about the extent to which materials
and methods satisfy criteria.

6.10 Judgments in terms of internal evidence, e.g., logical
consistency, fallacies in arguments, etc.

6.20 Judgments in terms of external criteria, e.g., evaluating
material with reference to facts or criteria developed
elsewhere.

Note.—This table is taken, with minor modifications, from Bloom
et al. (1956) and reproduced by permission of Longmans Canada Ltd.
The Taxonomy of Educational Objectives was
organized as an educational-logical-psychological classi-
fication system, with major emphasis given to educational
considerations: the boundaries between categories should
be closely related to the distinctions made by teachers
in planning curricula or in choosing learnirg situations.
The system has a logical basis in that terms used are
defined with precision and used consistently. The

classification is consistent also with relevant and
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accepted psychological principles and theories (Bloom
et al., 1956, p.6).

The guiding principles underlying the Taxonomy

are:

l. Only intended behavior is classified; actual
behavior may differ from that intended.

2. The major distinctions between categories have been
made to reflect the distinctions teachers make

. among student behaviors.

3. The Taxonomy has been logically developed and made

internally consistent.

4. The Taxonomy has been made consistent with present
understanding of psychological phenomena.

5. The.classification has been developed in a relatively
neutral fashion, avoiding partiality to aﬁy one view
of education.

The classification scheme is intended to be
hierérChical, the higher categories representing more
complex and‘abstract behaviors than the lower categories.
The classification scheme is also conceived to be cumula-
tive, the higher categories being built upon and including
the lower categories. Thus in Table 1 the major sections
can be seen to be listed in order of complexity: in
general, a person must know or be able to recall something
before he can'comprehend it, and must comprehend it before

he can apply it; a person must be able to analyze elements

,;)-\
-/




before he can analyze organization.

It should be noted that in the Taxonomy intended

behaviors are defined operationally. For example, some
teachers require that their students '"really understand"
while others may desire their student. to "grasp the

core or essence." The authors of the Taxonomy ask:

Do they all mean the same thing? Specifically
what does a student do who "really understands”
which he does not do when he does not understand?
(Bloom et al., 1956, p.l)

The authors believe that by reference to a set of standard

classifications, such as the Taxonomy, teachers should

be able to define such nebulous terms.

“The Taxonomy:  is seen by its authors also to be

a classification of the student behaviors which represent
the intended outcomes of the educational process. They
remark:
It is assumed that essentially the same classes of
behavior may be observed in the usual range of
subject matiter content, at different levels of
education, ...and in different schools. Thus a
single set of classifications should be applicable
in all these instances. (Bloom et al., 1956, p.l2)
The concept of behaviors transcending subject matter
content areas is quite often referred to in the literature

as "generality of process over content."

" When the Taxonomy is used to classify test items

its distinctive structure gives rise to two difficulties:
l. A person's behavior can be assessed only in relation

to his background of experience. Hence the classifi-
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cation of any particular test item can be made only
after the learning situations preceding the test
are known or assumed.

2. The more complex behaviors are built on and include
simpler behaviors. This structural concept gives
rise to problems in the scoring of test items and
also leads to difficulties in the statistical
analysis of tests which include items belonging to

the higher categories of the Taxonomy. The diffi-

culties are considered in greater detail in later

sections.

Research Prior to 1962
In the. six years following publication of

Handbook I few reports of investigations using the

Taxonomy were published. The situation was appraised
by Harris (1962, p.105) as follows:

With respect. to achievement testing, it appears
that there are no new principles being proposed
for developing achievement tests. Further,...no
one is trying to define achievement except in the
obvious manner of labelling content. Apparently
the Taxonomy of Educational Objectives has had no
influence during this period....it still is
unfortunate that there is no active work reported
that seeks to employ this scheme to limit and
distinguish among definitions of achievement or
to check out the relationships among types of
achievement suggested by it. We are in the doldrums!

Stanley and Bolton (1957) report several related
studies in which graduate students in a measurement

class who had studied the Taxonomy for four weeks
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classified test items according to the Taxonomy sub-

categoriés. - On half the items five or more classifiers
indicated perfect agreement. Among eight judgesaﬁhe
agreement was dquite high when only the six major levels

of the Taxonomy were used. Items that were classified

were taken from Gerberich (1956) (227 items), and from
two prospectuses of the Graduate Record Examinations.
The distribution of items among all categories of the

Taxonomy but one was rcughly the same for items from each

source: approximately 50% of the items in Category 1.00
(Knowiedge) were from each source, about 20% in Category
2.00 (Comprehension), about 7% in Category 3.00 (Applica-
tion), less than 1% in Category 5.00 (Synthesis), and
about 7% in Category 6.00 (Evaluation); only in Category
4.00 (Analysis) were the proportions quite different,
with the Gerberich items accounting for 6% and the Graduate
Record items accounting for 17% of their respective
distributions. About 12.5% of the Gerberich items were
judged to be in the affective or psychomotor domain.
Stanley and Bolton conclude that sufficient agreement

in assigning items to Taxonomy categories warrants the

regular analysis of tests using the Taxonomy; they also

note the apparent "rote-knowledge bias of the typical
curriculum at all levels of education."

Scannell and Stellwagen (1960) used the Taxonomy

to classify statements of objectives and test items from

B e e o owom
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final examinations submitted by higﬁ school chemistry
teachers. The principal findings were that (a) over 50%
of the stated objectives and 60% of the test items were
directlylconcerned with accumulation of knowledge, |
(b) final examinations seldom required students to exhibit
the more complex cognitive skills (understanding of
various degrees), and (c) seldom was there a direct
relationship between the levels of stated goals and the
levels of behavior required on the examinations.

Two unpublished dissertatvions report research

based on the Taxonomy. Schmadel (1960) constructed tests

of Evaluyation and Synthesis, as defined by the Taxonomy,

in an investigation designed to study the relationship

Of creative thinking abilities to school achievement.
Creative thinking abilities predicted more variance in
Synthesis than did either mental age or achievement measures,
and accounted for almost one~third of the variance in
Evaluation. The-usefulness of this study's results,

however, is quite likely limited by the small number of
items comprising the Synthesis and Evaluation tests.

Morris (1961) employed the Taxonomy in a survey

of the external chemistry examinations of Australia.
Morris classified secondary school-leaving examinations
(neérly'all of the essay type) set by all Australian
states during the period 1877 to 1960. He found compara-

tively few questions that could be assigned to Taxonomy

Categories 4.00 and 5.00, and no questions that could be
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classified in Category 6.00. Computations made on
Morris' data by the present writer show that the mean
percentages of dquestions £falling in each level of the

Taxonomy,were'Category 1.00—64%, Category 2.00—14%,

Category 3.00—20%, Category 4.00—1%, and Category

5.00—2%. Median values for the five categories were

65%, 12%, 20%, 0%, 0%, respectively. As a result of his

exhaustive investigation Morris recommends that 20% of

chemistry examination questions be in Category 1.00,

30% in Category 2.00, and 50% in Categories 3.00 to 6.00.
In addition to the research described above,

some references to the Taxonomy have appeared in the

literature. Dressel and Nelson (1956) edited a folio
of test items consisting of more than 800 pages of items
in the biological and physical sciences. Most of these

items were classified according to the Taxonomy by their

contributors. In this folio there also appeared a

discussion of. the Taxonomy and many examples of science

items whose taxonomic assignment was explained in detail.

Nelson (1959) demonstrated how the Taxonomy could be

used by teachers to construct a biology test and pointed

out the advantages of constructing a test on such a frame-

work. Dyer (1960) appealed for wider use of the Taxonomy
in test construction, while Urdal (1960) drew attention

to the appropriateness of the Taxonomy to secondary school

. science objectives and urged the systematic development
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of science education objectives and planned evaluation.
Cronbach (1960) devoted several pages to an exposition

of the Taxonomy and its suitability for classifying test

items.

Research Subsequent to 1962
Following 1962 a number of studies c&ncerned
with the'Taxonomy of Educational Objectives were reported.
Those studies relevant to the present investigation are
summarized here in five categories:‘ (a) test guides,
examination of tests, test banks, and annotated research
information bulletins, (b) agreement of judges in classi—

fying test items, (c) theoretical discussions of problems

arising from use of the Taxonomy, (d) empirical validation

of tests constructed on the framework of the Taxonony,

and (e) research using classification schemes similar in

concept to the Taxonomy.

Test Guides, Examination of Taxonomy-type
Tests, Test Banks, and Annotated Research
Information Bulletins

Klinckmann (1963) presented the Biological Sciences

Curriculum Study's adaptation of the Taxonomy as a means

of determining whether BSCS tests actﬁally incorpbraté'BSCS
aims; a difficulty was encountered in classifying test
iteﬁs when the relevant prior learning experience of the
students was not known. In this study two BSCS tests and

one Cooperative Biology Test were analyzed.



47

Lombard (1965) drew attention to the use of

the Taxonomy as a functional guide for the construction

of better classroom tests, and provided general examples

of items in each category of the Taxonomy to serve as

prototypes for many specific items in different subject
matter areas.
Lecnbard did not consider the fine distinctions

between the categories of the Taxonomy as being of

major importance, but stressed instead the importance
of avoiding undue emphasis on the lower categories of

the Taxonomy cor on any one specific category. He also

drew attention to the range of item difficulty levels
within each category.

In its Cooperative Science Tests Handbook the

Educational Testing Service (1964, pp.30-39) classified
items of the Cooperative Science Tests according to the

Taxononmy.

The Alberta Department of Education issued a
publication (Ayers et_.al., 1965) which simplified and

adapted the Taxonomy for Grade Nine Science and indicated

the intended proportion of items falling into each
category on the forthcoming external Grade Nine Science
examination. The emphasis given to the various levels

of the Takonomz_was Category 1.00—40%, Category 2.00—30%,

Category 3.00—20%, and Categories 4.00, 5.00, and 6.00—

10%. While no examples of items from the examination

ESSEURC S0
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could be given, many examples from all levels of the
Taxonomy were provided using nonsecure items.

Tyler and Okumu (1965) used the Taxonomy to

classify course materials and examinations in a +teacher
education program and found (a) a noticeable dis crepancy
lsetween course descriptions and actual behaviors , and

(b) a lack of attention given to developing non—Xnowledge

cognitive skills. They conclude that the Taxonomny pro-

vides a useful structure for looking at course behaviors.

Lawrence (Cox and Uhks, 1967) reports ca the
results of classifying moré_ than 4,500 items fromm 74
randomly selected social studies tests obtained £rom 63
high schools in southern California. Approximately 98%
of the items were classified in Category 1.00 (Knowledge)
and 75% of the total items fell in the one subca tegory
(1.12) Knowledge of Specific Facts.

An in-progress study by Grobman (Cox and Gordon,

1966) reports that the Taxonomy has been found a useful

general guide for test construction and for work shops in
writing Biological Sciences Curriculum Study testEs.

Grobman also reports the Taxonomy valuable for £ocusing

attention on the kinds of objectives that should be
tested; she mentions that difficulty has been experienced
in writing "multiple—choice—type items for the higher levéls

of the Taxononmy.

Smith (1968) reports on his efforts to construct




scalable sets of items and gives an example of an item
set in which satisfactory scalability was obtained.
Smith's experience in attempting to construct sets

of items in which each level of the Taxonomy is

represented in sequence in the same subject matter
area has led him to believe that multiple-choice items
in Synthesis, since they are deductive, are actually
testing én analysis—-type behavior; however this
analysis—-type behavior differs from the Analysis level
of Bloom's Taxonomy as presently constituted. Smith
also found Evaluation items very difficult to construct
and no longer considers an Evaluation item necessary to.
complete a scalable set of items.

Lessinger (1963) describes how, in one
Californié high school district, teachers were taught

to use the Taxonomy and encouraged to submit items

classified on the basis of the Taxonomy to district  test

banks to provide'item pools from which classroom tests
could be constructed.

Kellogg (1964) reports the development of an
American History Test Bank as part of an in-service
training program. Items constructed according to the

Taxonomy were contributed by secondary school teachers.

Inspection of these items revealed that the higher the

Taxonomy level the higher the proportion of free-response

. items, with Categories 5.00 and 6.00 composed exclusively

49
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of free-response~type items.

The establishment in England of a bank of test
items in secondary school mathematics is reported by
Wood (Cox, 1966).

The establishment of a Taxonomy clearing house

at the University of Pittsburgh under the leadership
of Dr. Richard C. Cox has provided a most useful
facility for collecting and disseminating information

.concerning the Taxonomy. The most recent select and

annotated bibliography (Cox and Unks, 1967) reports
62 studies and projects completed, papers read,
published, or filed. The list of in-progress studies

and utilization of the Taxonomy (Cox and Gordon, 1966)

reports 22 studies and projects proposed or underway;

a later list (Cox, 1966) contains 8 additional entries.

Agreement of Judges in
Classifying Test Items

The original purpose of the Taxonomy was to

facilitate communication among educators and examiners.
The categories and subcategories should therefore

"mean the same thing” to many different people. One
may operationally define "mean the same thing" by:
stating that experienced teachers and test-constructors
should be able to reach a consensus as to where in the

Taxonomy an item should be classified, provided the
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judges are aware of the prior educafional experiences
of the particular group of pupils for whom the test is
deéigned, assuming, of coursé, that prior educational
experienée is reasonably uniform for that group. A
number of studies have been conducted to determine

whether the terminology of the Taxonomy is sufficiently

precise to permit close agreement on the part of item
classifiers. The work of Stanley and Bolton (1957) in
this regard has already been described.

McGuire (1963b) reports the use of a modified

form of the Taxonomy to classify the items of the 1961

examinations produced by the National Board of Medical

Examiners. Four panéls of three members each were formed

to rate the items. Each panel represented a medical

specialty and the three panel members were expert in

that specialty. Each panel rated only those items in

its specialty. The results were the same for each of

the four panels:' all three judges in each panel agreed

unanimously on 61% of the 683 items rated; two of the

three judges on each panel agreed on 93% of the items.
Stoker and Kropp (1964) report that when five

judges independently classified items in a test according

to major levels of the Taxonomy, ll of the 36 items were
classified congruent with the categories whose processes
the items were intended to evoke. Four of the five

judges agreed on another 9 items in the same test. Of
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the 16 remaining items, 14 were agreed upon by three
of the five judges. Another test was rated by a panel
of four judges who did not rate the previous test. In
'this case 1l of the 36 items received unanimous agreement
perfectly related to the categories the items were
intended to evoke; three of four judges agreed on 16
other items and two of the four agreed on the remaining
9 items.

Kropp and Stoker (1966, pp.l9-23) report the

results of investigations made in 1962. A panel of

five judges rated the Reading Test of the Metropolitan
Achievement Tests, Advanced Battery. Four months later' :
three members of the same panel and three new members

formed a second panel and rated the items a second time.

o 22 1

The modal classification of each item by the first panel | 1
was compared to the modal classification of the item
by the second panel. Of the 44 items, 24 received the
same modal classification both times. For five items
the modal classifications made by the two sets of
judges were in fairly good -agreement. Five of the
items received different modal classifications by the
two sets of judges. The items of another part of the
Metropolitan Achievement Tests, Advanced Battery
(Arithmetic) were rated by seven judges. Of 45 items
only 6 received identical ratings by six of the seven
judges. No item received identical ratings from all

seven judges.
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In the 1962 studies infra-judge agreement was
found to be greater than inter-judge agreement. Group
discussions revealed that most of the disagreements
were the result of the different assumptions about the
prior experience of students for whom the test was
designed. Generally, judges who had the most experience
teaching students in the age group specified by the test

tended to rate the items lower in Taxonomy level than

did judges with less teaching experience.- Kropp and

Stoker conclude that within a set of preconceptions on

the part of a judge, the Taxonomy provides a rather

unambiguous guide fo; classifying the items.

Winter et al. (1965, pp.1l2-17) describe the
problems encountered in reaching consensus in selecting
items designed for a series of unit tests in secondary
school chemistry. Difficulty was experienced in writing
multiple-choice items in the cétegories Analysis,
Synthesis, and Evaluation and in assigning items to
these categories specifically. The difficulty was

partially solved by simplifying the Taxonomy to four

levels which they termed Recall, Comprehension, Applica-
tion, and Higher Competencies. Only those items'whidh
were of appropriate difficulty and discriminating power
and.whosé classification was agreed upon by all judges
were retained for the tests. The authors admitted how-

ever that the desired distribution of item types (Recall—40%,
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Comprehension—20%, Application—20%, and Higher
Competencies—20%) was compromised in the final construc-

tion of the tests.

Theoretical Considerations

The use of the Taxonomy in test construction

is attended by serious theoretical and practical problems.
Kropp, Stoker, and Bashaw (1966) present a discussion of

the major problems of validating the Taxonomy and point

out the dearth of empirical evidence on the validity of

the constructs underlying the structure of the Taxonomy.

Critical problems are:

1. The choice of proper response measure, particularly
the difficulties produced by the confusing of the
product response (right answer) with the process
response (behavior the item was intended to evoke);

2. Conditions under which the response measure is
collected, with special reference to equalizing
content knowledge among students;

3. The nature of the Knowledge level, with suggestions
that this level may be at least two-dimensional,
and complications arising from the fact that knowl-
edge is required for successful performance at
higher levels;

4. Statistical problems arising from the use of

hierarchical data, which include the inapplicability
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of usual true score theory to subtests which are depen-
dent on other subtests, the effect that this dependency
has on item statistics, and the need for redefining the

item analysis sample at each Taxonomy level to avoid

considerable unreliability being introduced into the
item analyses of the higher level subtests.
Means of validating taxonomy-type tests both inter-

nally and externally were also suggested. Internal valida-

tion may be supported by evidence of an inverse relationship ]
between the mean score of each subtest and its taxonomic
level. Alternatively, if scatterplots are made for scores

from pairs of Taxonomy levels, the presence of a roughly

triangular distribution of data points would support the

presumption that the Taxonomy is ordered hierarchically

according to complexity. Since the nature of the Taxonomy'

leads one to expect higher correlation between adjacent
levels than between more remote levels, the emergence of a
simplex from the subtest intercorrelation matrix provides
evidence of the hierarchical and cumulative nature of the
taxonomy-type test. Three ways of externaily validating
taxonomy-type tests are provided by: |
1. Administering such tests to students at various grade
levelé to determine whether mental processes repre-
sented are learned behaviors (indicated by increasing
subtest scores in successive érades);

2. Relating taxonomy subtest scores to scores of other
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tests of cognitive abilities, using these to define
factor scores, and then formulating equations for
the regression of each of.the taxonomy subtests on
the set of factor scores. The number of factors
required to account for reliable taxonomy test
variance should increase diréctly with the taxonomy
level of the subtest;

3. Studying the relationship of high and low level
cognitive abilities to intelligence and creativity
measures. Such studies would add to existing
evidence of validity, which is at present slight.

A technical study by Ccx (1965) has shown that
selecting items from an item pool biases the proportions

of items in each Taxonomy category so that these propor-

tions are no longer equal to the proportions originally
present in the pool. This effect is due to the fact

that average discrimination values differ for the items
in each major category. Items in Categories 1.00 and
4.00 when selected on their discriminating power received
less emphasis in the test than in the item pool, while
for Category 2.00 the reverse was true. No such effect
was observed with Category 3.00 items. Statistical
selecéion of items was also found to operate differentially
for male and female tryout groups. Cox recommends that
(a) the most discriminating items should be selected from

within a particular category rather than from a total
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item pool, (b) the tryout group should have essentially
the same ratio of males to females as the groups for

which the final form of the test is to be used.

Empirical Validation of the Taxonomy

The Taxonomy Of Educational Objectives is the
result of logical rather than empirical investigation.

If one accepts the logical coherence of the Taxonomy

one encounters many unanswered questions such as:

1. Do the items in different categories measure
different things?

2. Are the major categories hierarchical and cumulative?

3. Do the subcategories form hierarchies within the

major categories of the Taxonomy and are the

subcategories cumulative?

4. Do tests constructed on taxonomic principles possess
a factor structure which supports the concept of a
taxonomy?

5. Do tests built on taxonomic principles show patterns
of achievement which vary with different groups of
individuals?

The research reviewed in this section has attempted

to answer one or more Of these questions by analyzing

student responses to items in taxonomy-type tests. In
this respect the research reviewed differs from that
mentioned in previous sections, as those investigations

were not concerned with actual responses of testees.
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McFall (1964) constructed a 35-item test in
general science divided into subtests A (Knowledge)
and B (higher level cognitive processes). Low correlation
(.41) between scores on subtests A and B was believed to
indicate that the test had construct validity. IQ, scores
on the Stanford Achievement Test (Total), Stanford
Achievement Test (Science); and science grades considered
individuélly showed significantly higher correlations
with subtest A than with subtest B.

McGuire, using a modified version of the Taxonomy,

tested students at the University of Illinois College of
Medicine. Her exploratory investigation (McGuire, 19635)
suggests, (a) that certifying examinations in medicine
currently employed measure chiefly the recall of isolated
information, (b) that reliable examinations of more complex ?
intellectual processes can be designed, and (c) that varied |
patterns of student behavior are revealed in examinations
by the process aéproach. In connection with (a), it is
interesting to note that the present writer observed
similar findings in his inspection of certifying examina-
tions given by the Faculty of Dentistry of the University
of Toronto.

McGuire (1963b) found evidence of hierarchical
and cumulative structure in medical examinations construéted
according to her modified taxonomy: adjacent levels

correlated more'hithy than widely separated levels. Like

t
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McFéll, McGuire believes ﬁhat the generally low correlations
among subtests indicate that the subtests were measuring
different abilities. She also concludes that (a) process
analysis yields reproducible results when applied to medical
examinations, (b) medical examinations can reéliably test the
complex intellectual processes, (c) Synthesis and Evaluation
should be interchanged in the hierarchy.

Several studies support the hierarchical and cumula-

tive nature of the Taxonomy. Thomas (1965) used Guttman's
simplex analysis4 to test the cumulative hypothesis of

the Taxonomy. Approximately 100 students were tested in

basic physical and biological sciences with items repre-

senting the first three levels of the Taxonomy. The

simplex obtained from the correlation matrix supported

the cumulative nature of the Taxonomy in Categories 1.00

to 3.00., In addition, correlations between Taxonomy

subtests and reasoning ability (measured by the Coxrnell

Conditional-Reasoning Test and the Cornell Class-—

Reasoning Test) increased as Taxonomy level increased.

However, as in McFall's study, the correlations between

Taxonomy subtests and IQ (measured by the California

Test of Mental Maturity) decreased as the Taxonomy level

increased. No significant differences were found
between mean intelligence scores for subjects whose

leve; scores were consistent with the cumulative
| )

& 4Considered more fully in Chapter V.
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hypothesis and those whose level scores were inconsistent.
Ayers (1966) factor analyzed a 40-item multiple-

choice test in which the items had been classified accord-

ing to the Taxonomy. In addition to providing support

for the hierarchical structure of the Taxonomy, the study

suggests the analysis of longer tests which make use of

nore Taxonomy categories.

The hierarchical nature of the Taxonomy is also

supported by the findings of Stoker and Kropp (1964).
Since categories bearing higher numbers are postulated
to be more complex than categories having lower numbers,
one would expect that the mean difficulty of subtests
would increase as thé level of complexity increases.
This was found to be the case with two tests administered
to 1,000 high school students. In one oOf the tests, how-
ever, Evaluatidn did not fit the pattern, suggesting that
it may be misplaced in the hierarchy or that the items
for it were pooriy constructed. Simplex analysis of 20
correlation matrices indicated that in half the cases
Categories 1.00 to 4.00 were ordered correctly, but that
Categories 5.00 and 6.00 were repeatedly out of order.
Stoker and Kropp postulated a factor strdcture,
but very little evidence for this structure was found.
Grodp factors such as a comprehension factor, application
factor, etc., failed to emerge from the factor matrices.

Smith (1965) investigated the scalability of the

Knowledge and Comprehension sublevels of the Taxonomy.
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Five educational psychology cdncepts,were chosen and 11
items written to test each concept; one item was prepared
for each of eight selected Knowledge subcategories and
the thrée Comprehension subcategories. The'test was
administered to 341 educational psychology students who
had been introduced to the content through lecture or
textbook. The average difficulty level of the Knowledge -
and Comprehension subcategories did seem to conform to

the hierarchy of difficulty suggested by the Taxonomy.

However, the correlations between items were so low that
little relationship was suggested between items concerned
with the same psychological concept. Low correlations
(equal to values expécted by chance) indicated'little

relationship between items placed in the same Taxonomy

subclass. The intercorrelation matrix of sublevel scores
failed to form a simplex. Smith observed that in all
subcategories except Extrapolation the items varied
greatly in diffiéulty (in Extrapolation all items were
very difficult); the Knowledge item difficulties varied
with the discriminétion required by foils or distractors,
while the Comprehension item difficulties varied with

all factors which affect reading. The results led Smith
also to conclude that Extrapolation might better be placed
in Application since the process seems to require recall
of a principle, understanding of the principle, and then

application of the principle to the constructed situation.
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In this matter Bloom5 concurs.

In a study growing out of the one just described,
Smith and Paterson (1965) investigated the scalability of
a logicéi progression of four selected subcategories of

the Taxonomy. Five psychological principles were

selected for testing, and four items were written for
each principle, with one item in each of the categories
Knowledge of Terminology (1.11l), Knowledge of Principles
(L.31), Interpretation (2.20), and Extrapolation (2.30).
The test was given to 156 educational psychology students
who had been introduced to all the information necessary
to answer the items written at the Knowledge level. No
. simplex emerged from the intercorrelation matrix; the
hypothesis of hierarchical structure was therefore not
supported. Also significant was the lack of relationship
between itcms dealing with levels of understanding of the
same principle. Another result was that Smith and Paterson
expressed doubts.as to the feasibility of using multiple-
Choice'items as a basis for either accepting or rejecting
a hypothesis about the effectiveness of a learning
experience.

In both the studies in which Smith participated,
the low correlations found among items indicated that
the.correlations involved varied not just with the content

and process included, but with all factors bearing on’

5Personal interview, Chicago, May 3, 1965.
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item difficulty: terminology, psychological distance
between foils, specific determiners, and so on. It
was pointed out that any attempt to test the scalability

of the classes of the Taxonomy should hold constant all

factors affecting difficulty, with the exception of the
components of understanding in each question.
A few studies have been reported in which the

effectiveness of new curricula and teaching techniques

has been gauged in terms of Taxonomy. Anderson (1964)
investigated the effectiveness of the Chemical Education
Materials Study curriculum versus traditional chemistry

courses in achieving some objectives of the Taxonomy. A

test based on Categories 1.00 to 4.00 of the Taxonomy was

given to 638 students in seven Florida high schools at

the beginning of the chemistry course and again after
five.months. No significant differences were found in
mean gaiﬁs of the two treatment groups except in one
instance: 1low aﬁility students in the conventional course
performed higher on the Analysis subtest than did their
counterparts in the CHEM Study program. Anderson also
reported good interjudge agreement and found that factor

analysis supported the imputed hierarchy of the Taxonomy

over the first four categories. The factor analysis also
.suggested differences in the cognitive attack used by
the different treatment groups: the greatest changes in

factor structure occurred in Levels 1.00 and 2.00 of the
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Taxonomy for traditional chemistry students, while the

greatest changes took place in Levels 3.00 and 4.00 for
the CHEM Study groups. Anderson's finding may be some-
what limited by the low reliabilities of the subtests; the
consequent large standard errors of measureﬁent may have
obscured other differences between the two treatment
groups.

A study similar in type to Anderson's was
conducted by Herron (1965, 1966). A chemistry test

based on all six major levels of the Taxonomy was given

to students in four Chicago schools during the second
week of September and again the following mid-May.

' Posttest means for each treatment group were calculated
using pretest scores on the same test as a covariate.
CHEM Study studgnts scored significantly highér on
Application thaﬁ did students in the conventional course,'
regardless of ability. CHEM Study high ability students
scoréd'significaﬁtly higher on Analysis than did high
ability students in the conventional course, buﬁ, as in
Anderson's study, low ability conventional course students
scored significantly higher on Analysis than did low
ability CHEM Study students. No significant differences
in means between the two treatment groups were found in

the other Taxonomy categories. Gains in Categories 5.00

and 6.00 were quite small. Factor analyses indicated

that conventional students rely more on lower level
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cognitive abilities than do CHEM Study students, but other
factor analytic results could not be clearly interpreted.

Herron also reports satisfactory inter-—judge agreement in
classifying items.

The Taxonomy has been used to evaluate large-group—

small-group instruction in high school chemistry (Schmitt
et al., 1966; Winter et al., 1965). It was found that
categories other than recall were not without ambiguity;
recall items were found to be easily distinguished from
other types of items. On the whole it was felt that

the practical application of the Taxonomy to produce

meaningful results is no easy task. A finding peculiar

to the study was the high intercorrelation (.80 and higher)
of subtests, even between Category 1.00 and other levels.
A common factor influential in determining pefformance on
all four categories was therefore indicated. The investi;
gators suggest that this common factor might be (a) recall
itself (or memorf) which forms an essential component of
any of the higher cognitive abilities, (b).genefal
scholastic aptitude, or (c) specific chemistry aptitude.
In their comparison of large-group and the conventionally
taught (small-group) students the investigators found
significant differences in adjusted means in all four
revised taxonomic categories; these differences were
consistently in favor of the students in the large-group

program.
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Two studies using the Taxonomy to identify

differential patterns of achievement are reported with
esséntially negative results. Milholland (1964) reports

that factor analysis of a test in which items were

classified according to the Taxonomy provided little
evidence that the subtest scores represent the objectives
they were designed to measure. 2Zinn (1964) found that

the Taxonomy was not differentiable in the test behaviors

of students, and suggests conservative interpretation of

the results of such differential tests.

Other Schemes of Classification
" Cronbach (1960, pp.374-375) has drawn attention
to the fact that research on the nature of proficiency
variables has been neglected. There have been proposed
classification schemes other than the Taxonomy of
Educational Objectives for the purpose of identifying
and categorizing proficiency variables, although these

have not received the same attention in the literature |

as has the Taxonomy.

Ebel (1953) has formulated a classification
scheme consisting of six categories airanged in hier-

. archical order according to their relevancy to common

teaching objectives. Ebel's system is unique in that
the recommended percentage of test items that should fall
in each category is stated. The categories are arranged

in ascending order of value as follows:
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1. Content Detail items are based on instructional
materials or procedures rather than on instructional
goals. (0%)

2. Vocabulary items can be answered correctly by one
who knows the meaning of a particular term. (Less
than 20%)

3. Pactual items deal with specific details of informa-
tion and are answered primarily on the basis of
recall. (Less than 20%) '

4. Generalization items deal with general descriptive
statements and are answered primarily on the basis
of recall. (More than 10%)

5. Explanation items require understanding, but may .
be answered on the basis of recall. (More than 10%)

6. Application items deal with uses of information and
often require original thinking. (More than 10%)

Ebel claims that this objective item categorization may
be done even if the classifier has very little competence
in the subject matter involved.

A study reported by Cook (1960) in which he
hypothesized that item discrimination indices and item
difficulty indices would increase with increasing relevance
categofy yielded.results which failed to support either
hypéthesis. Mean item difficulties were significantly
different, but showed no observable trend. The trend
of the mean discrimination indices was opposite to that
hypothesized, the factual items being most discriminating.
Three reasons to explain the results observed were presented:
(a) the variation in numbers of items in each category
in the tests studied, (b) the inadequate orientation of
test constructors and prior experience of students in

objective testing, and (c) possible independence between
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relevance categories and item statistics. The generality
of process over content was'not demonstrated in this study.

Gerberich (1956) developed a system of classifying
educatiohal outcomes and presented 227 examples of test
items drawn from a variety of subject matter fields to
demonstrate how these outcomes could be measured. Several
of the 13 major outcomes reside in the affective and
psychomotor domains. As an alternative to the classifica-
tion scheme of the Taxonomy of Educational Objectives,

Gerberich's system deserves consideration.

In the Taxonomy, the‘cognitive abilities higher
than KnqQwledge bear strong resemblance to what is commonly
called "critical thiﬁking." The Watson-Glaser Critical
Thinking Appraisal (1951-52, 1964) for instance, purports
to test five aspects of critical thinking: ability to
draw sound inferences from a statement of facts, to
recognize assumptions implied by a statement, to reason
logically by dedﬁction, to reason logically by inter-
pretation, and to discriminate between strong and weak
arguments. The counterparts of these five aspects are

easily found in the Taxonomy categories Comprehension to

Evaluation. Herron (1965), Anderson (1964) and Charen
(1963) used gains in Watson-Glaser test scores as one
criterion of the effectiveness of an experimental versus

conventional approach in high school chemistry instruction.
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Rust (1960) analyzed the responses of over 500
students on three different tests of critical thinking
and found only one weak general factor'in each test.

The analysis suggested that all items within a subtest
do not measure the same skills or abilities. Rust also
found evidence to suppoft the idea that critical think-
ing involves a large number of unique abilities and items
of knowlédge.

Research has also been reported in which investi-
gators have not develoéed a logical framework of the

complexity of the Taxonomy but have used a much simpler

structure.

Tyler (1934) showed that permanence of learning
was greater for skills that now would be assigned to
higher level cognitive categories of the Taxonomy.
Factual information was found to be quickly forgotten.
These findings are in line with modern reinforcement

theory and the claims of the constructors of the Taxonomy.

The educational logical-psychological basis therefore ié
supported by this study.

Smith, Tyler, g;_gl. (1942, chap. 1) in a series
of studies of college and high school teaching identified
the purpose the schools claimed to hold, and drew up
instructions for spec¢ifying the objectives of education
and detailing the construction of appropriate evaluative

techniques.
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Prior to the development of the Taxonomy, Furst

(1950) investigated the relationship between content
and process in secondary school subjects. He administered
27 tests in several subject fields to two groups of
students at the beginning of the eleventh grade and again
late in the twelfth grade. The two groups were taught
by methods differing in the extent of integration of
courses and emphasis placed on the development of higher
mental processes. Despite the differences in the two
educational programs, the correlational patterns for the
two groups were nearly alike. The most important finding
was that tests dealing with the same subject matter areé
had higher intercorrelations than tests dealing with the
same mental process. Furst thus’found little evidence
for the generality of process over content; no evidence
emerged of general abilities (extending across ﬁields
of subject matter) to apply principles, to think critically,
or to interpret data. His findings on critical thinking
in this respect support those of Rust. |
An investigation of the nature of proficiency
. variables in high school chemistry is reported by Porter
and Anderson (1959). In this study specified abilities
in chemistry were correlated with each other and with IQ.
The specified abilities were (a) understanding of functional
facts and concepts in chemistry, (b) understanding and

application of functional principles, (c) understanding
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and application of elements of scientific method, and
(d) ability to use the basic skills in chemistry.

Using analysis of variance Porter and Anderson
found significant differences in total chemistry score
among the three groups stratified according to IQ, with
total chemistry score increasing as IQ increased. This
relationship was not observed to the 'same degree with
specific'abilities, except for ability (c). No signifi-
cant differences in ability (a) were found for the
three IQ groups. The four subtests correlated equally
well (about .40) with IQ. The four abilities were not
highly'correlated; subtest intercorrelations ranged
from .65 to .38. Analysis of covariance and factor
analysis were not used in the study and no attempt was
made to examine the subtests for evidence of a cumula-

tive hierarchical structure.

The Inventory of Choices

The Inventory of Choices was developed by
T. Bentley Edwards and Alan B. Wilson of the University

of California at Berkeley to measure the attitudinal

orientation of high school students toward their environment. :
Intelligence and previous achievement of the

student are the most often used predictors of achievement

in school, but it is well known that students of high

intelligence are not uniformly successful in school work.
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Similarly, marks (grades) are. not necessarily stable
throughout a student's school years; many students who
have done well in high school do poorly in college, and
vice vérsa. Successful students are generally those who
are willing to work at their studies and who possess
favorable attitudes toward the study of school subjects.
A measure of student attitudinal orientation should
therefore aid in predicting success in school. The
Inventory of Choices was developed to investigate the
relationship of attitudinal factors to academic success,
and to student commitment to specialization in either the

natural sciences or social and literary studies.

Rationale of the Inventory

The theoretical basis of the instrument has been
fully presented (Edwards and Wilson, 1958c), and a
complete description of the construction and validation
of its scales has been reported (Edwards and Wilson, 1959a).
Only a few broad principles will be mentioned here.

Formal education is expected to provide the
student with knowledge and skills for intelligent
decision-making, as well as with a favorable attitude
toward the process of deliberation. A normal individual
is considered to have developed an integrated preference
system; ends which are incompatible (because of scarcity

of time and effort, as well as of mutual exclusiveness)
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are ordered into a hierarchy of value which makes
choice possible. The variation in deliberative or
evaluative activity prior to making a decision can
provide one dimension.for analyzing preferences. This
dimension can be conceived as a continuum ranging from
an immediate affectivity for proximate ends to an analy-
tical and evaluative consideration of alternative forms
of action and their possible consequences and relation-
ship to long-term goals (Edwards and Wilson, 1958c,
pp.280-282).

Objects of interest are either social or non-
social; most people are interested in both persons and
things, and in the interrelationship of the two, but
the extent to which one or the other is emphasized places
individuals on a social——nonsoéial continuum which affords
another dimension for the analysis of preference systems
(Edwards and Wilson, 1958c, p.282).

| The intefest model thus contains twe dimensions,
each of a bipolar nature: (1) a preference for ends
suggested by deliberate, abstract considerations as
opposed to a preference for immediate, proximate ends,
and (2) a breference for social as opposed to nonsocial
objects. Intersection of these two dimensions yields
four vectors or "poles" which can be described as follows:
1. Prudent: deliberative analytic.orientation toward

the social environment.
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Reflects upon alternative possibilities of social
action.

Concerned with the long-term consequence of acts.
Renounces opportunities for the immediate gratifica-
tion of proximate ends where this may conflict with’
more remote or dgeneral values.

Seeks to rationalize his environment by widening
his écope of cognition, rather than narrowing or
compartmentalizing it, and is thus motivated toward
the behavioral sciences.

Theoretic: deliberative analytic orientation toward
the nonsocial environment.

Characterized by interest in natural science and the
use of reason to apprehend the nature of things.

Has intrinsic interest in the study, laboratory and
research activities of natural scientists.
Aesthetic: characterized by an affective appreciation
of things, aﬁd Girect sensory perception of the
nonsocial environment.

Immediate: preference for proximate social ends.
Characterized by a dependence upon the esteem and
sanctions of others.

Shows interest in social recognition and rcecreation.
Approaches social issues intuitively, conforming to
proximate social pressures.

In the extreme, largely controlled by external
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pressures, actions impulsively disorganized, and
each decision compartmentalized according to the
exigencies of the moment.

These abstractions are summarized in Figure 1.
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Fig. l--Two-way Classification of
Interests according to Edwards and Wilson.

‘Note.—This figure is taken, with modification,
from the article by T. Bentley Edwards and Alan B.
Wilson published in the September 1959 Journal of
Experimental Education, and reproduced by permission
of Dembar Educational Research Services, Inc.
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Pairing the four poles in all possible ways
provides six scales for the assessment of the structure
of attitudes; these six scales of the Inventory of Choices
are labeiled simply as Prudent-Theoretic (P-T), Prudent-
Immediate (P-I), Prudent-Aesthetic (P-A), Theoretic-
Immediate (T-I), Theoretic-Aesthetic (T-A), and Aesthetic-
Immediate (A-I).

Construction of the
Inventory Scales

A large number of short propositions were drafted
by Edwards and Wilson, and from these, 180 were selected
to form.the six scales. At all stages of development of
the instrument, itemé were selected or judged adedquate on
the primary criterion of internal consisterncy, indicated
by the extent to which the pattern of responses was
cumulative. Other criteria adopted were those generally
recommended in the literature on attitude scaling:
relevance of conEent, clarity of meaning, appropriateness
of vocabulary and content to the sample under study, and
balance between positive and negative items to minimize
response set (Edwards and Wilson, 1959a, pp.3-5).

P trial administration to 92 high school biology
students and 50 undergraduate students in education, and
a sﬁbseqﬁent analysis of the items using the Guttman (1947)
method resulted in a revised inventory of 72 randomized

items, 12 items to each scale. Responses to items

o
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were indicated oh é six-point Likerﬁ—type scale on which
the level of agreement was designated as strong, moderate,
or slight. This edition was administered to 325 high
school étudents enrolled in college-preparatory physics

and chemistry classes. The "H-technique" of Stouffer

was then employed to form each scale into three "compound
items," each containing four items (statements). With

the H-technique each element in a compound item is as
similar as possible to the other elements in that compound
item, while each compound item is as different as possible
from Ehe other compound items in that scale. (Here
"different"” and "similar" are determined by the proportion-
of responses accorded each item.) An individual thus
receives a score of 3, 2, 1, or 0 on each scale, according -
to the number of compound items responded to in a positive
manner. To achieve a "positive" score on a compound item
an individual must give favorable responses to two-thirds
or more of ﬁhe ifems forming that compound item. This
reduction in sensitivity of the instrument increases its
power to discriminate (Stouffer, 1952).

Scales constructed on the Guttman principle must
show a cumulative response pattern within which items are
ranked in order of popularity of response. Thus, in theory,
givén an individual's score on a scale, one should be able
to reconstruct the pattern of responses made by that

individual on that scale. This property of reproducibility,

VU S I R ]
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in Guttman's view, is'characteristic of a genuine (that
is, highly homogeneous) scale (Guttman, 1944; Guilford,
1954, pp.460-46l). In practice, perfect reproducibility
is seldom encountered, since the idiosyncrasies of
respondents add a certain amount of disorder to the
patterns of the responses; also the scales are rarely
completely pure. However, a "coefficient of reproducibility"
can be calculated for each scale, and a limit is set
(usually .90) below which this coefficient should not
fall if the scale is to be retained in the instrument.
An example may élarify this point: If a scale has been
found teo have a coefﬁicient of reproducibility of .92,
this would mean that, given a respondent's score on that
scale, one can reproduce his replies to the items of the
scale with 92%'accuracy (by predicting the cumulative
pattern of the responses). In the larger high school
sample mentioned earlieriéoefficients of reproducibility
ranged from ,90 to .95;.no further revision of items was
indicated.

The scales of the Inventory are therefore believed
to have internal validity, based on their cumulative
structure plus the grouping of items by means of the
H-technique which eliminates most of the discrimination
due.to idiosyncratic factors. According to Guttman (1950,

pp.305~3ll) the coefficient of reproducibility sets a

lower bound to the reliability of the measures. All the
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measures described when limited by the Stouffer H-technique
reached or exceeded a level of reproducibility of .87

in Edwards' and Wilson's most extensive study (Edwards and
Wilson, 1958a, pp.35-40). The same estimate of unidimen-
sionality provides evidence of validity.

Factor analysis has shown the dimensions of the
Inventory of Choices to be relatively pure, with no
second féctor of consequence. The third factor brought
out a cluster of "arty"” or "highbrow" preferences
(3 items). and the fourth factor a preference for solitary
over social activities (3 items).6

The scales have been validated externally by
several means: over 1,200 of the 3,750 students in the
authors' most comprehensive survey (Edwards and Wilson,
1961) were interviewed individually, and the assessments
made.were compared with the scores of these students on
the Inventory. Teacher ratings were obtained for all
subjects in the étﬁdy{'and a survey of the subjects'
hobbies and use of recreational time was carried out.

In addition, a scientific demonstration was shown to
a subsample of the students and an analysis of their
individual attempts to solve the problem arising from
this demonstration was made and compared to their

Inventory scores.

6For a full discussion of this point see

Appendix C of the final report - -made by Edwards and Wilson
to the U.S. Office of Education (Edwards and Wilson, 1961).
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Later administrations of the Inventory7 to 894
British secondary school students and 979 eighth-grade
students in Berkeley, California produced no discordant
findings. The same is true for the results of an elemen-
tary school form administered to 319 third—érade students,
226 fifth-grade students, and 816 sixth-grade students
in Berkeley. All methods of validation gave substantial
support to the general premises'on which the instrument
was built.

Results of Investigations
Using the Inventory

The central task of the Inventory of Choices
was to identify salient differences in outlook and
interest among students; these differences were expected
to be relevant to their school achievement. In a pilot
study (Edwards and Wilson, 1958b) the Inventory of
Choiqes was administered to 325 students enrolled in
physiés and chemistry in one high school. It was found
that the boys tended to have Theoretic interesté while
the girls had predominantly Prudent interests. Almost
twice as many highly Prudent students received median
grades of A, B+ or B as did highly Theoretic students
(Edwards and Wilson, 1958b, p.1l86), but almost four times
as many highly Theoretic students as highly Prudent

students received high scores in a standardized chemistry

7Slightly modified to conform with British usage
and idiom.
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test. However, the chemistry grades assigned to these
same students by their teachers did not follow the
pattern of the chemistry scores: students receiving any
given grade from instructors were split almost equally
between Prudent and Theoretic, with the Prudent students
having a slight advantage (pp.189-190).

Scores on the Theoretic-Immediate scale revealed
that boys had highef Theoretic interests than girls.
Boys who had Theoretic rather than Immediate interests
received higher grades in science and mathematics |
whereas the girls' Theoretic versus Immediate interests
had no bearing on their science and matheﬁatics grades
(pp.193-194).

As part of the pilot study the gains in chemistry
achievement during a two-semester period were analyzed.
Achievement was measured by scores obtained on two forms

of the Anderson Chemistry Test, one form being used as

the pretest and the other form as the posttest. The
subjects studied were 177 Introductory Chemistry students.
When IQ, sex of student, and teacher were héld constant by
the techniques of analysis of covarianée, frudent students
were found to have made, on the average, only 82% of the
gain of Theoretic students (Edwards and Wilson, 1959b).
Subsquent to the pilot study the Inventory of
Choices was administered to a sample of 3,750 students
representative of the high school population in the San

Francisco Bay area. In this study the findings of the
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pilot study were generally supported (Edwards and Wilson,
1958a, pp.53-57). The data collected in this study were |
further analyzed and incorporated into a more comprehen-
sive investigation (Edwards and Wilson, 1961) in which

an elementary school form of the instrument'was developed
and administered.

One of the findings of the more extensive study
was that the Prudent-Immediate scale proved to be signi-
ficantly related to achievement: 58% of the students
ranked as most Prudent received median grades of A or B
while only 18% of those ranked as most Immediate had
comparatively high grades (Edwards and Wilson, 1961,
p.C-21).

In the same study a surprising result was
obtained when an elementary school version of.the Inven-
tory of Choices was administered. Prudent students in
Grade 6 received a higher proportion of good grades than
did immediate stﬁdents. Among Grade 3 students this
pattern was reversed, the Immediate students reéeiving
higher marks. When these students were classified along
the Prudent-Theoretic dimension an analogous discontinuity
was observed: in Grade 6 the Prudent students again
received higher ygrades, while in Grade 3 the Theoretic
students were the higher achievers. In this latter case
the differences were not as‘pronounced,as with the

Prudent-Immediate scale, but they were still substantial.




These observations suggest that (1) requirements for
early success in school are responsiveness and docility,
while deliberation only later plays a significant role,
and (2) beyond the primary grades, school programs fail
to distinguish between students with Theoretic orienta-
tions and those who are essentially non-deliberative
(Edwards and Wilson, 1961, pp.l100-105).

A recent study by Maykovich (1966) compared
scores on the Inventory of Choices with grades obtained
by a sample of 61 boys over their four high school years.
Inventory scores were available for the boys at the time
of their high school entrance; the investigator adminis-
tered the Inventory to the group for a second time at
the beginning of the senior year. All attitude groups
were homogeneous in ability and achievement af the start
of the study.

The findings of Maykovich which are relevant to
this discussion Were:'

1. There was a massive shift toward the Prudenf pole
on all scales in which the Prudent orientation was
represented. A marked shift away from the Theoretic
orientation took place on the Theoretic-Immediate
and Prudent-~Theoretic scales, which have a social
orientation as the alternative.

2. Throughout the four years Prudent students were
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remarkably superior to all other groups in all subjects,



84

including the sciences and mathematics (except
chemistry and geometry).

The relationships between attitﬁdes and academic
performance were of the same kind at twelfth-grade
entrance as at ninth-grade entrance but with less
prominent differences because of migration to the
Prudent pole. This migration resulted in poorer stu-
dents being included in the Prudent group and a con-
sequent lowering of the average grade in that group.
The movement away from the Theoretic pole resulted
in the remaining studeﬁts making better grades in
mathematics and science in the twelfth grade than the
Theoretic group had made in the ninth grade.
Attitudes held by the students in the twelfth grade
are less important with respect to achievement than
attitudes held in the ninth grade. No appreciable
improvement in performance took place in the last
two years of.high school, regardless of any change
of attitudinal orientation in any direction.

As a result of these findings, Maykovich con-

cluded that:

1.

The attitudinal orientation of students at high school
entrance was vital to academic success.

Changes in attitude, even of a drastic nature, were
not helpful. Performance patterns were set in the

first two years.
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3. Without Prudent skills, a student had little hope
of academic success in high school.

4. Theoretic skills were of little avail in obtaining
high'grades; the student did as well without these
skills as with them, even in the Theoretic subjects.

5. While the sample studied was not very large, the
high levels of significance attained were so extreme .
that the need for further research was strongly
indicated.

It should be noted that Maykovich used grades
and gfade point averages as measures of academic pexrfor-
mance. ‘However, as Edwérds and Wilson have shown
(Edwards and Wilson, 1958b, pp.189-190), the relationship
between Inventory scores and grades is quite different
from that between Inventory scores and standardized test
results.

The findings of Maykovich are particularly
relevant to the findings of the present study and will
be referred to again in Chapter V.

To date, therefore, research employing the
Inventory of Choices suggests a tendency for elementary
and secondary schools to set standards of acceptance
which cluster around the Prudent pole. Prudent students
have been found to be higher achievers, overall, than
Theoretic students, when measured by teacher-assigned

grades. Prudent students therefore enjoy a strategic
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advantage in the competition for coilege admission. The
fact that success in high school correlates with success
in life generally could mean that society shows a more
ready aéceptance for the Prudent person than for the
Theoretic. But the rejection of the Theoretic person
may not be in the best interests of society. Although
colleges may unwittingly place a premium on Prudent
attributes in their admission procedures, the authors of
the Inventory of Choices suspect that the academic role
'in nearly all graduate departments of universities is
heaviiy loaded with Theoretic attributes. If this is
true, a_ discontinuity in academic expectations occurs
somewhere in the undérgraduate years. This discontinuity
must be highly frustrating to those with Prudent interests,
but must come as a welcome change of pace to those with

Theoretic interests who have survived.

Advantages of the Inventory
The present writer has chosen the Inventory of
Choices as an attitude-measuring instrument\in this study
for several reasons. The underlying theory is attractive
and comprehended without great difficulty. Teachers not
having an extensive background in psychology and personality
theory would be able to appreciate findings expressed in
terms of the scales. The schema is particularly relevant
to the understanding of attitudes of high school students

toward their subjects. Students do not appear to condider
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the questicns intimate or objectionable. The. authors

of the Inventory report8 that almost no evidence of
faking has been found, since the intent of the instrument
is diffiéult to determine unless the respondent is con-
versant with the theory of the instrument. The successes

of the instrument so far reported are encouraging.

Criticisms of the Inventory

While no criticisms of the Inventory of Choices
have appeared as yet in the literature, one might expect
some criticism on philosophical or psychological grounds.
The authors of the instrument, however, do not argue
that the dimensions of the Inventory are the most
relevant in aécounting for all behavior, but feel that
they are particularly.relevant for an understanding of
attitudes toward school subjects: the Inventory provides
a useful model for schematizing behavior in terms which
cut across motivational, learning, and perceptual
categories.

In all studies except that of Maykovich (1966)
an inherent assumption has been that Inventory scores
remain stable over a reasonable period of time; Maykovich
has shown that this assumption is not true for a long—-term
situation. The present investigation provides a check on
the short-term stability of the attitude scores. .

The content of a few items is apparently not

8Personal communication, January 28, 1960.
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familiar to some present-day high school students; for
instance, Longfellow's poem "Evangeline" (item no. 20),.

and the nature of The Atlantic Monthly magazine (item

no. 64); Furthermore, some items pose a problem to
students of lower reading ability.

The answer sheet does not lend itself to rapid
machine~-processing. The method of indicating responses
on a separate sheet, a procedure developed by the present
writer, while facilitating kerunching of the responses,
does not shorten processing time greatly: handscoring
is cémplicated and tedious whether the original format
or the present writer's answer sheet is used. While the
present methods of ihdicating responses would suffice
for studies using a relatively small number of subjects,
a large-scale administration of the Inventory would be
better recorded and processed on mark-sense cards or on
answer sheets suitable for optical scanning.

On the téchnical side some criticisms are justified.
The present form of the Inventory uses a six-choice con-
tinuum on which the response is located; this makes no
provision for "undeéidea,” "no opinion,"” or similar
responses. Some students object to having to make a
definite decision on a certain item and either decline to
answer that item or else indicate more than one response.
On the other hand, it may be argued that provision for

"undecided” or "no opinion" types of responses encourages



subjects to mark this type of response rather: than to
take time to consider the item carefully. Methods

of weighting such neutral responses have been proposed,
but have‘not been applied in scoring the Inventory.

A difficulty arises in applying the H-technique
to the Guttman scales used in the Inventory. Non-
cumulative response patterns, which are construed as
errors of measurement, cause a loss of approximately
10% of subjects. While this loss is unavoidable, it is
a drawback nonetheless. A Guttman scaling programa has
been written for the IBM 704 computer; in this program
no loss.of subjects is incurred. The writer's data
were processed by this program, and the results compared
with those obtained by the H-~technique. However, the
use of such a program would not be practical when a
small number of subjects is studied. There is also the
danger that results reported by the computer seem to be
more accurate thén they really are, finer distinctions
being implied than can be actually measured with such
an instrument as the Inventory.

The Inventory of Choices booklet and answer
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sheet used in the present study are included as Appendix B.

9GUTS, written by Wm. Schutz, Department of
Education, University of California, Berkeley; IBM SHARE
Library No.. 1337.

5
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Summary

The cardinal aim of science education is the
development of a scientifically literate citizenry.

Six refefents to scientific literacy have been isolated;
these referents are illustrated by descriptions of the
nature and aims of science such as that provided by
Nagel. The historical development of the aims of science
shows a diminishing importance attached to factual know-
ledge as an objective of science instruction. Despite
the superficial differences found in various statements
of thé goals, there seems to be general agreement as to
what science educétion should accomplish; the goals of
Cchemistry instructioh are not fundamentally different
from those of science education in general.

The agreement in the literature notwithstanding,
science teaching practices, especially testing, reveal
that a gap exists between the stated objectives and
classroom prcedﬁres. Teachers still appear to be test-
ing to a substantial extent for facts, as are commercially-
available tests; the practice is by no means restricted
to science education.

Comparatively little work has been done on the
components of chemistry achievement; all but a few recent
tests combine various objectives into a single score
rather than scoring the objectives separately.

Of several schemes proposed for classifying educa-

= M= e
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tional objectives, Bloom'’s Taxonomy of Educational

Objectives (Cognitive Domain) has been researched the

most thoroughly. This taxonomy is stated in behavioral
terms and the objectives are assumed to pervade all

curricula. The Taxonomy has been found appropriate for

classifying the cognitive objectives of science teaching.
There seems to be sufficient agreement among
judges in assigning test items to the main categories

of the Taxonomy; empirical validation procedures generally

have supporféd the cumulative and hierarchical structure
and the distinctive nature of the four lower main
categories, but not of the subdivisions within a category.
On the other hand, the assumption of generality of process
(behavior) over content (subject matter) has not been
substantiated; the hierarchical and cumulativé structure

assumed of the Taxonomy gives rise to statistical problems

which are as yet unresolved. Two attempts to identify

pattefns of achiévement bésed on levels of the Taxonomy
have not been successful. |

The Inventory of Choices, a two-way classification
of interests by Edwards and Wilson, has shown promise as
a device for measuring the attitudinal orientati&n of
high schocl students and as a predictor of academic

achievement.

Both the Taxonomy and the Inventory of Choices
are characterized by a clearly developed rationale.

The Taxonomy seems manageable and sufficiently precise to
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serve as a classification scheme for the cognitive
objectives of science education; the Inventory's scales
have been constructed and refined with care. Both
instruménts have had their strengths and limitations
revealed by research énd thus are considered by the

| present writer to be suitable for playing a substantial

role in -the current investigation.
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CHAPTER IIIX
DESIGN OF THE STUDY

This study attempts to answer questions relating
to patterns of academic achievement in secondary school
chemistry. "Academic" is defined by Good (1959) as
"pertaining to the realm of ideas or abstractions”;
the present writer therefore interprets academic achieve-
ment as achievement of cognitive objectives, such as those

outlined in the Taxonomy of Educational Objectives (Cogni-

tive Domain). The most fruitful method of investigation

would seem to be to stddy patterns of achievement by
grouping items into subtests on the basis of common

cognitive characteristics. The Taxonomy seems suitable

for this purpose!~for each major category could be repre-
sented by a subtest. Scores on the subtests then would -
constitute a student's achievement profile. Not only

would students differ in the subtest scores they obtain,

but it is conceivable that certain patterns might be
identified with various groups of students. A suitable
method of profile analysis would enable an investigator

to determine whether a group of profiles could be considered
sufficiently homogeneous to form a distinctive pattern;

the method would also make possible the differentiation of

patterns varying in shape, in level, or in both.
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The Theoretical Framework
of Pattern Analysis

The method of pattern analysis used in this
study is that proposed by Haggard (1958, chap. ViI).
Haggard's method is an application of two-way analysis
of variance in which subtests constitute one independent
variable or main effect, and individuals constitute the
other independent'variable or main effect. In other
words the scores are arranged in a ¢ X K matrix with c
subtest scores for k individuals. In the model employed
a constant set of subtests will be used but the k indivi-
duals will vary since the number of individuals is
specific to the group whose profiles are being studied.
R, (which is discussed later) is used as a measure of

P

profile similarity.

Definition of Terms

924

e
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)

12
Profile—the configuration of o OF
scores of an individual on a 8¢l
fixed set of variables com- @
prising a set of subtests. 3t
1 2 3 4

Subtest

Fig. 2a--Profile of
Individual A.

Pattern—a set of profiles.
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Congruent Pattern-—one in
which all individuals in
the group have the same
score on each subtest.

Parallel Pattern-—one in which
scores of individuals differ
from on another by a constant,
producing profiles which differ

only in level. For this pattern

R, = 1 when differences in pro-

k means) are partialled out.

Mixed Pattern-—one in which no
identity or similarity occurs
in- the profiles. The overlap
of profiles gives rise to a
pattern resembling a random
collection of profiles.

file level (that is, among the
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1l 2 3 4
Subtest

Fig. 2b--Congruent Pattern.
— Individual A
——=- Individual B

RP = 1

.

1 2 3 4
Subtest

Fig. 2c--Parallel Pattern.
—— Individual A
-—--~ Individual B

RP = 1
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1 2 3 4
Subtest

Fig. 2d--Mixed Pattern.
~— Individual A
~=-- Individual B

RP = 0
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12 |"—7
Incongruent Pattern-—one in which 0 9t '
the set of profiles is maximally H
dissimilar. For this pattern R, IS R O e SRS
reaches its minimum value of 34 o
k— where k is the number of
-1 : i~ 2 3 4
individuals. Subtest

Fig. 2e--Incongruent
Pattern.
—— Individual A
~—-= Individual B
-1

Rp =k -1

Fig. 2--Illustration of
the Terms Profile and Pattern.

It should be noted that the above descriptions apply to
ideal forms of patterné, and that the last two patterns
are not considered patterns in the conventional sense.
The concept of the incongruent pattern as distinct from
the mixed pattern seems useful only when small numbers of
individuals (say two to five) are under consideration.
When k = 50, for example, the minimum value of RP is approx-
imately -.02 which is hardly different from zero.
The Function of Interaction
in Profile Analysis
Consider the.following profiles (in.which the

number of subtests has been reduced to two for simplicity) :
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(a) (b) (c)

Congruent Parallel Either mixed or
Pattern Pattern Incongruent Patterns
g ]
\
[} aQ o - -
¥ Y g
0 0 0
0 O O
-\\:>>._. — T
1 2 1 2 1 2
Subtest Subtest Subtest
Subtest s e Not . e
Differences: Significant Significant Significant

Individual Not . i e
Differences: Significant Significant Significant
¥ _ o Not Not e
, Interaction: Significant Significant Significant

Fig. 3—--Interaction as an
Indicator of Profile Dissimilarity

In Figures 3(a) and 3(b) one profile closely follows

the trend of the other, as shown by the sloping lines.

In Figure 3(c) in addition to significant differences in
the two main effects, there is a significant combined
interacting of the two main effects which is indicated

by the crossing of the two trend lines. When this inter-
action is present no common trend in the two profiles is

evident. Figure 3 illustrates the principle which is

U SOV VU
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central to Haggard's method of pattern analysis:

a congruent or parallel pattern is considered to exist

when person-subtest interaction for a seE of profiles

is negligible or non-significant.

In terms of the F ratios obtained in the two-way
analysis of variance a non-significant F for person-subtest
interaction means a significantly congruent or parallel
set of profiles; conversely a significant F for the
interaction means that a pattern does not exist, in the
conventional sense, among the profiles.

Two important points should be noted:

1. The above concept may be extended to any number of
subtests.

2. Provided that certain conditions elaborated below
are met, the technidque can be used to compare
patterns of different groups and to test the signi-
ﬁicance of their differences.

Preredquisite Treatment
of the Data

Stabilizing of Scores

In the analysis of variance model used in profile
analysis the estimate of the error variance (052) is
based on the variation among randomly sampled units
within a cell, but since the number of scores per cell
2

is one it is not possible to obtain an estimate of S)Y

from the data being aaalyzed.
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Mental testing theory assumes that the error term
for a given subtest has the same standard deviation (o;)
over time for all individuals. If this assumption is true,
Oy is equivalent to the standard error of measurement
of the subtest and may be estimated from the standard
deviation of the subtest (<Tt) and its test-retest reli-

ability coefficient (r ). The standard error of measure-

tt
ment, which is equal to o*t\/(l - r

tt)' provides an
estimate of Gé for that subtest; Oé is assumed homogeneous
over time for individuals.

When dealing with subtests simultaneously the subtest
scores should be stabilized so thét each subtest has the
same variance over temporal repetitions. This stabilization

is accomplished by dividing each score by its standard error

of measurement; the resulting scores are termed stabilized

scores (S scores). The effect of this procedure is to

put the standard error of measurement equal to unity so
that G; = 1 and 6é2 = 1 over repetitions for all subtests
and individuals. This estimate of Oéz is used és the
residual or error mean square in the analysis of var%ance
table. The effect of this procedure is to minimize the
variance of scores over occasions and provide the most
efficient estimator of overall effect of all the subtests
taken together. It should be noted that since the estimate
is derived from the test-retest reliability coefficient,

that statistic must he obtained empirically or estimated
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from sources outside the data to be analyzed.

Additional Requirements for
Comparison of Group Patterns

Haggard (1958, pp.l18-122) points out that if
his procedure is to be used for comparing groups rather
than individuals the subtest scores must be:

1) normalized standardized scores based on the
respoﬁses of a large population,

2) standardized on the same scale,

3) obtained from uncorrelated subtests.

Haggard admits that it is unsafe to assume that the

majority of standardized tests meet these conditions.

It seems'especially unlikely that the third condition

can be met except in the case where subtests have been

deliberately constructea by orthogonal factor analytic

methods to meet the third requirement.

A FPurther Requirement in the
Present Study

It is expected that the criterion measure
(chemistry achievement test) will be moderately correlated
with scholastic aptitude and therefore it is proposed to
examine the profiles formed from the residual scores rather
than from scores which include scholastic aptitude as a
significant component. This departure necessates-a corrected
value for the gtandard error of measurement of each subtesf.

This matter will be elaborated upon in_Chapter V.

e
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The Model, Formulas, and
a Property of Rp

The two-way analysis of variance model used is
a mixed model with C (subtests) fixed and K (individuals)
random. Since the residual mean square is used as the
denominator of the between-individuals and interaction
F-ratios calculated in a two-way analysis of variance
table, these F ratios become numerically edual to their
respective mean squares when the residual mean square is
put equal to unity by stabilizing the scores. The number
of degrees of freedom for the residual mean square is
equal to the number of subjects used in f£inding the
test-retest reliability.

Using stabilized scores the two-way analysis of

variance table reduces to the form shown in Table 2.

TABLE 2

ANALYSIS OF VARIANCE MODEL USED IN
HAGGARD'S METHOD OF PATTERN ANALYSIS

Expected Values of Mean

Classification df MS Squares Under the Mixed Model
2 2 2

C (subtests) (c - 1) BCMS c.” *+ 0y + ko&

. . 2 2
K(individuals) (k - 1) BKMS o~ + cop
CxK-=1I (c - 1) (k - 1) IMS Oéz + Gékz |
(interaction) :

. - 2 _

R(residual) (N for rtt) (RMS) o, = 1

P
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In Table 2
BCMS is the between-classes mean sduare
BKMS is the between-individuals mean square
IMS is the interaction mean square
RMS is the residual mean square
c is the number of subtests
and k is the number of individuals.in the sample.

The appropriate F's and R, may be calculated

P

as follows:

_ IMS
Fck -1 .

. _ BKMS
Fp =Fp =73

B _IMs - 1
RP =1 IMS

where FCk is the test for significance of the c x k
interaction,

F

X FL is the test for significance cf differences

among the k means (that is, the differences
in level among profiles)

and RP is the measure of profile similarity.

Since, under the model assumed in this analysis,

the expected value of IMS is Oéz + Oékz,

entering the formula for RP take on the form

2 2
Oé + OEk - 1
2 2

G:“ + o
e ck

the components

In the sample under consideration the residual

variance has been equated to 1. - With measures having an



arbitrary metric, the numerical value of the variance 1is

arbitrary and hence one may also put Oéz = 1. The form
of RP then reduces to
- 2
P 1 + Sox

The ratio of interaction variance to the sum of
error variance and interaction variance indicates the
. . . . 2 .
measure of profile dissimilarity. As O.x Llncreases,

R, approaches zero; when Oé approaches zero, R

P k P
approaches unity. RP thus has a range of 0 to + 1, with
the + 1 indicating complete'profile similarity; the range
and other properties of RP therefore differ from the

much more familiar Pearson product-moment correlation

coefficient (Haggard, 1958, chap.III),

. _ IMS - 1 _
Since RP = ] - “IMs and IMS = Fck ,
_IMS - TMS +1 _ _1
then R, = IMS = IMS ¢
therefore R, = L .
P B
ck

One property of RP is especially noteworthy:
for any given numbers of degrees of freedom the value of
FF at the .0l probability level is greater than its value

P K the

value of RP at the .0l probability level is less than

its value at the .05 level.

at the .05 level. Since R, is the reciprocal of Fc

-

Another way of accommodating  this unexpected

property of R, is to remember that in looking for the

P
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presence of congruent or parallel patterns, one is loocking
for absence of interaction and since some interaction will
be present due to sampling errors, the .05 probability
level for FCk is, in this instance, a more stringent
criterion than the .0l level for the interaction F. The
smaller the value of F, the larger the value of RP'
Procedure Used to
Analyze Patterns
Consider subtest scores for one individual forming
a profile, and also consider a number of profiles groubed
according to some external criterion. Two dquestions now
suggest themselves:

Question l: Does each group have a pattern?

First each group ﬁust be considered separately.
A null hypothesis is poétulated that in the group a random
arrangement of profiles exists, that is, that the profiles
in the group have no similarity. The alternative hypothesis
would then be that the profiles are not mixed but are

congruent or parallel:

HO: RP = 0
Hl: Ry # 0 where R, is the measure of

profile similarity.
F.x and Rp are now calculated.
Suppose that Fck (the test for significance of the
interaction of subtests and persons) is not significant:

~then R

P is significant. The null hypothesis HO would now

-
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be rejected and the conclusion drawn that the profiles
are congrucnt or parallel to the extent indicated by RP.
To determine whether the pattern of this group is con-—
gruent or parallel a hypothesis is now postulated that no
difference in level exists among the profiles in the group.
The alternative to this null hypothesis is that a difference

in levels does in fact exist:

HO: DL = 0

Hy: Dp # 0 Where D is a convenient symbol

for the difference in profile
or pattern levels.

FL is ncw calculated.

Suppose that F,. (the significance test for differ-

L
ences in level) is significant. The null hypothesis HO -
would now be rejected and the conclusion drawn that the

patterns which exist in the group are parallel. Should FL

be not significant, the null hypothesis would be accepted,

and the conclusion drawn that the patterns were congruent.

So far it has been established that for one group a pattern

does or does not exist. The above procedure would now be
repeated for the other groups.

Question 2: If patterns among two or more groups are Ob-

served, do the patterns differ significantly?

FCk has been computed for each group and in each case
has been found to be not significant. The profiles from, say,
two patterns would be combined and a single analysis made to

determine whether the patterns differ from each other.
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Combining the two patterns, and repeating the pro-

cedures outlined above might yield a combined Fck which is

significant (that is, a combined R, which is not significant).

P
It would then be concluded that two different patterns do

exist. If the combined interaction FCk is not significant

(and therefore the combined R_ is significant) then the two

P

patterns are alike. In the latter case a combined FL will

indicate whether the patterns are congruent or parallel

(that is, whether D. = 0 or DL # 0).

L
Where different patterns are shown to exist, the

configuration of means of each of the subtest scores of the

profiles in the pattern serves to identify each pattern.'

Factors Assumed to Influence
Chemistry Achievement

Scholastic aptitude is known to be moderately
correlated with academic achievement whether measured by
objective tests or teacher-assigned grades. It is with
factors other than academic aptitude that this section
. 1s concerned.

Anderson (1950, 1949) found several factors related
to student achievement in chenistry; most of these factors
concerned the teacher rather than the student. Because of
the differences in the educational systems of Ontario and
Minnesota (where Anderson conducted his study) some of the
factors have little relevance to the present study.

However, teacher qualifications and experience were found
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by Anderson to be significantly related to student
achievement in chemistry, and are studied in the present
investigation. Class size, use of a laboratory manual
in the chemistry class, and the student's educational
plans were also found to be significantly related to the
student's chemistry achievement.

The studies of Edwards and Wilson reviewed in
the preceding chapter show that achievement is related
to the student's attitudinal orientation. It is reason-
able to suppose that a student's attitude toward school
may also influence his achievement; furthermore achieve-
ment in chemistry may be related to the subjects which
the student likes most or least.

In addition to the factors listed, certain
characteristics of the bupil (such as his age, sex,
.occupational and educational aspirations) and his family
background (such as number of siblings, the socioeconomic
status as determined by the occupations of father and
mother, the language spoken in the home, and the length
of the family's residence in Ontario) conceivably may
have some bearing on the student's achievement. To these
factors we may add such factors as the textbook in use at
the school, the length of the classroom period, the number
of cliemistry class periods per week, and whether or not
the student is repeating the course in Grade 12 Chemistry.

Along with the teacher variables studied by

Anderson one would expect that sex of the teacher, and
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the teacher's use of audio-visual aids, programmed instruc-
tional materials and other supplementary materials might
influence student achievement in chemistry. One other
important factor might be the personal qualities possessed
by a given teacher; however it is not the intention of

this study to analyze teacher personality variables.

It should be noted that personal, attitudinal and
environmental factors studied in this investigation cannot
be assigned.unequivocally to one or othex of these
categories; when such factors are stated broadly, most of

them could be argued to belong to at least two categories.

. Delimitation

In the present investigation the sample studied
consisted of pupils enrolled in Grade 12 Chemistry of the
éeneral Course, who were attending secondary schools in
Ontario which had been selected at random.

Academic achievement in chemistry was measured
by a specially constructed test, the Ontario Test of
Achievement in Chemistry (OTAC) which measures achievement
as subtest scores in four cognitive areas defined by the
Taxonomy of Educational Objectives:

1.00 Knowledge

2.00 Comprehension

3.00 Application

4.00 Analysis

Outcomes in the affective and psychomotor domains of the

Eat nw o nl e s ——— e e« % =




Taxonomy were considered beyond the scope of this study.

Personal, attitudinal and environmental factors
studied in relation to academic achievement in chemistry
were the following:

1) scholastic aptitude as measured by the Scholastic
Aptitude Test, Ontario Edition (SATO) ;-

2) relatiye achievement (overachievement, normal achieve-~
ment, underachievement) expressed as the discrepancy
between obtained and predicted OTAC scores;

3) the specialization of attitudes as measured by the
scales of the Inventory of Choices of Edwards and
Wilsog;

4) sex of student;

5) educational plans and occupational aspiration of the
student;

6) family data and home environment;

7) characteristics of the chemistry teacher;

8) characteristics of the school environment.

Two other scholastic Zactors were studied in con-
junction with the factors listed, namely final mark in
chemistry (not including OTAC scores) and average Grade
12 final examination mark (not including final chemistry

mark) .

General Hypotheses

1. Total OTAC achievement scores show substantial corre-

109
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Detailed specification of each of these factors is

found in Appendix H where complete lists of all variables
used in the study are found.
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lation (.40 - .60) with scholastic aptitude, the final
mark in chemistry, and the averag= final examination
mark. OTAC subtest scores show low correlation (.20 -
.40) with these measures and with each other.

2. Patterns of achievement, measured as coﬁfigurations
of OTAC subtest scores with scholastic aptitude held
constant, exist.

3. Patterns of achievement are related to the specializa-
tion of attitudes, educational aspirations and plans,
family data, and other personal and environmental
factors considered singly, when scholastic aptitude
is held constant. Some interactions among the factors
are present.

By using the Prudent, Theoretic, and Immediate
poles to delimit those inventory of Choices scales found
relevant to achievement, and to serve as examples, it is
possible 'to elaborate on section 3 above. When congruent
or parallel patterns have emerged across the complete
range of a scale such as the Prudent-Theoretic scale,
it is reasonable to postulate that, because of their
interests, Prudent students woulid be more proficient in
the lower taxonomic skills in chemistry than would Theoretic
students; one might postulate a Prudent pattern in which the
mean ‘score in Category 1.00 would be the largest, with
means descending in magnitude as they increase in taxonomic

level. A Theoretic péttern would be opposite in aspect,
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but higher in overall level, as indicated by a higher grand ‘
mean. Immediate students might be expected to follow the
Prudent pattern but at a lower level than that of Prudent
students. The differences between all pairs of means in a
pattern would have to be tested for signifiéance, since it
is possible that small "steps" in a profile might be mis-
leading.

Wﬁile thenInventory of Choices scales have been
used to illustrate the construction of hypothesized patterns,
it is possible to postulate patterns on the basis of many
of the other variables used in this study. Whenever patterns
emerge across the whole range of a variable, such postulated

-

patterns will be set forth.

Hypotheses Used in the
Statistical Analysis

General hypotheses subsumed under section 1 above
will be tested by inspection; the nature of the present
study does not indicate a more rigorous testing of these
hypotheses. With the exception of the hypothesis concerning
interactions which are detected by a computer program
described in Chapter V, the remaining general hypotheses
are expressed symbolically in the hypotheses which follow.
It should be noted that each statement of a hypothesis
actually represents a family of hypotheses since many iden-
tifying variables are used in the present study.

For convenience a superscript in parentheses indi-

o e e
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cates the ordinal position of the hypothesis, while a sub-
script 0 indicates a null hypothesis and other subscripts

és) indicates

indicate alternative hypotheses; for example, H
an alternative to the fifth null hypothesis.
To test for the presence of a pattern in one group

CACUPIES SN
H{l): R, #0
5{%: b =0
H{Z) : Dp # 0

To test whether two or more patterns differ in
shape or level

HéB): ‘R, =0
H{3): R, #0
Hé4): D. =0
H£4): Dy, # 0
To test whether emergent patterns have'a

characteristic shape and level

where P, I, and T
represent Prudent,
Immediate, ox

(5), - - -

Hy ': My =M, =M, =M
(5),

Hp™': My > My, > Mg > M,
(5),

Hy 't My > M, > My > M,

(5) . '
HT : M, < M, < M, < M4

Theoretic on Inventory
of Choices continuums.

F T o



(6) ,
Hy '

H{6):

(7),
Hy''

(7).
Hpop'

(7),
Hpp'

(7),
Hop'

M

M

Il

= =

=
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where i and j desig-—
nate the numbers of
the subtests.

where M is the grand
mean, and A and B
designate two groups
in the same continuum.




CHAPTER IV

CONDUCT OF THE STUDY

The Criterion Instrument

The Ontario Test of Achievement in Chemistry
(OTAC) is an end—of-—coursel test designed to measure
achievement in the topics of the Ontario Grade 12 Chemistry
syllabus. The present writer's twelve years' experience
in teaching Grade 12 Chemistry, hié experience with stan-
dardized tests, and the revision of three prototype tests
were utilized in devéloping OTAC. The version of OTAC used

in the present study forms Appendix F.

Experience with Published Tests
After careful consideration of all available

published tests in secondary school chemistry, the

author chose the Anderson Chemistry Test as the

instrument having highest curricular validity with
respect to the Ontario Grade 12 Course of Studies in
Chemistry. The author conducted some pilot studies with

“his test in his school from 1959 to 1962. For three

lTo make possible the administration of the test
in mid-May rather than in early June, the last few topics
on the syllabus are omitted from the test; however, it is
the present writer's experience that teachers generally
cover more than 20% of the syllabus by mid-May.

114
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consecutive years Form Am of this test formed part of the

final examination in chemistry, as well as being administered

at other times (along with Form Bm). While this test
provided much useful information in some retention and
ﬁotivation studies, and proved particularly useful in

grade placement of students entering the school from other

provinces and countries, it was not judged suitable to

be used élone for end-of-course evaluation or for the

purposes of the present study. The following are reasons

for this decision:

l. Curricular validity was not sufficently high (19 of
the 80 items deal with topics not on the Ontario |
Grade 12 syllabus).

2. The present writer classified the items of one form

of the Anderson test according to the Taxonomy. A

disproportionate number of items were concerned with
factual material alone (39 of the 61 items having
curricular vélidity were considered to be in Category

1.00 of the Taxonomy; this number represents 64% of

these remaining items). In terms of the Ontario Grade
12 Course of Studies in Chemistry, five items were
found to be in Category 2.00 and none in Category
4.00.

3. An item analysis 'made by the present writer showed
point—biseria; correlations of less than .20 for 18

of the 61 items having curricular validity.

.
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Consequently a program to develop a more suitable
instrument for use in Ontario was initiated. The
development procedures which culminated in the present

version of OTAC are outlined in Appendix D.

The Structure of OTAC

In building a test based on the Taxonomy the

following points were kept in mind:

l. Test items must be assigned to Taxonomy categories.
only after carefully considering the educational
experience of the pupils for whom the test is intended.
(This educational experience is likely to be more
uniform in Ontario, where a centrally prescribed
course of study is followed, than in areas where
courses of study véry considerably from community to

community. Hence the use of the Taxonomy may be more

appropriate in Ontario than in some neighboring
states.)

2. The proportions of items in various categories canhot
be prescribed rigidly. Which categories predominate
depends on the program of studies followed, and, to
a considerable degree, on the examiner's interpretation
of the program as well é; his experience in teaching it.

For these reasons the author's study does not test

pupil proficiency in Categories 5.00 and 6.00 of the

Taxonomy. In the author's opinion, these objectives

represent levels of cognition forming a small portion of

- e e—
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the total objectives of a course in introductory chemistry
for scecondary schools. In addition, items at these
advanced levels require, or should allow for, some element
of student originality; this requirement makes the usual
objective-type item somewhat less appropriate. This view
is shared by Dressel.2

Based on the amount of factual material introduced
in chemistry at the Grade 12 level in Ontario, and the‘
writer's experience in teaching the course in Ontario, the
following distribution of items by categories seems most
reasonable: Knowledge—24 items (40%), Comprehension—12
items- (20%), Application—12 items (20%), and Analysis—12
items (20%). This distribution is close to those adopted
by some investigators whose work is reported in Chapter II.

A problem in the construction of Taxonomy-type

tests arises from the hierarchical and cumulative structure

of the Taxonomy: cognitive categories higher than Know-

ledge cannot be Eested independently of knowledge, and
thus a student's score on Categories 2.00 and above depends
on his ability to assimilate factual material and recall
it on demand.

One method of avoiding the influence of factual
knowledge on higher cognitive performance is to '"hold
conEent constant” by providing the student with the content

in the form of a reading passage. This was the method

2Personal communication dated November 11, 1962.
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employed in constructing Taxonomy—-type tests by Kropp and

Stoker (1966), Anderson (1964), and Herron (1966). In
the present writer's opinion such a practice must place
a premium on rcading comprehension, and student differences
in this area of competence may unduly affec£ their
chemistrxy scores. The solution to this problem seems to
be to administer a suitable reading comprehension'test and
adjust for this factor by analysis of covariance. None of
the above investigators followed this practice.

The present investigator did not attempt to hold
content constant by incorporating reading passages in
the test. It was felt that in the Ontario Grade 12
Chemistry course content was contxolled, to a much greater
extent than would be the case in most American school
systems, by the rigid prescription of topics in the syllabus
plus the fact that only two textbooks were approved for |
use in the publicly supported high schools which constitute
the majority of ﬁigh schools in Ontario. These features
would guarantee a high degree of homogeneity of'contenth
at least in what is taught throughout the province.

One of the dangers of not holding content constant
is that the "pyramid" type of test may result, in which the

higher categories of the Taxonomy are dependent on the

success of the student on increasing numbers of items in
lower categories. An example illustrates this point: a

Category 4.00 item conceivably may not be successfully

o mm ogm- e
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answered unless a student is able to answer two Category
3.00 items, which in turn depend upon successful completion
of perhaps four Category 2.00 items; these in turn may
depend on the successful completion of (or the possession
of the knowledge equivalent to), say, eight or more
Category 1.00 items. This pyramid effect may be reduced
by choosing in the higher categories items which do not
depend on the factual contentc of items at lower levels.
This is the procedure adopted by the present writer in
constructing OTAC: in constructing the process-by-content
"test blueprint,’ care was taken to avoid as much as
possible overlapping of content in thé four categories.
It must be admitted that the higher categories still reduire
factual knowledge and that in scoring an incorrect response
to an item in one of the higher levels, one does not know
whether the item has been answered incorrectly because
the student could not function at that level, or because
some essential.féctual information could not be recalled.
On the other hand, as teaching experience reveais, and
results of reading comprehension tests confirm, presénting
written factual material to a stwident does not guarantee
that the student will notice all of it, assimilate it
completely, Oor be able to recall all of it on demand.

It is worthy of note that Winter et al. (1965)
did not use the reading passage design in constructing the

Taxonomy-type test3 used in their study.
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It should be noted also that in constructing: OTAC
the present writer allocated items to various categories
solely on the basis of his own experience in teaching

chemistry. However, before the results were analyzed

a panel of judges was used to finalize the allocation of
items. This procedure resulted in a slight change in the

proportion of items assigned to each level of the Taxonomy

but this change in proportion 4id not affect appreciably

the outcome of the analysis.

Selection of the Sample

In April of 1964, the Ontario Department of

-

Education was approached for permission to canvass the

secondary schools; consent was given the present

writer to solicit 50 schools. Selection of the schools
was made by tossing a die to choose a section of a

table of random numbers (Arkin.and Colton, 1950, Table 23).
A location within the table was picked at random and a
sequence of three-digit numbers was then recorded. The
Department of Educational Research3 made available to

the writer its master list of secondary schools, each
identified by a three-digit number. The three-digit
numbers obtained from the random number table were then
matched against the school numbers to select schools for

the study. Inactive numbers were ignored.

3The Departments of Educational Research and
Graduate Studies of the Ontario College of Education were
reorganized as The Ontario Institute for Studies in Education
on July 1, 1965.
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Once the schools had been selected letters were
sent to the principals soliciting their cooperation.
Included in the first mailing was a letter from Dr. George
E. Flower, Director of Graduate Studies of the Ontario
College of Education, supporting the request. A two-page
explanation of the study was also enclosed along with a

reply sheet. Senior administrative officials of the

larger school systems were sent copies of the first mailing.

Administrators, department heads, and teachers with whom
£he writer was acquainted were approached personally
where possible, or by telephone or letter in an attempt
to encourage cooperation.

Of the 50 schools approached, 31 (62%) agreed to
participate in the study, 16 (32%) declined, and only 3
(6%) failed to reply. |

A complete set of all materials mailed to schools’

is included as Appendix D.

Daté Collection Procedures

On May 6, 1964, participating schools were shipéed
the following: an acknowledgment, test booklets, mark-
sense answer cards, questionnaire booklets and answer
sheets, administration instructions, test and questionnaire
report forms, and return instructions. Administration of
OTAC took place betwéen May 11 - 26, whilé the Inventory'
of Choices and personal information questionnaire were

completed between May 8 - 26. A specimen of the personal

WS
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information questionnaire comprises Appendix C.

On return of the testing and other materials a
questionnaire was sent out to be completed by each
chemistry teacher in the school. This questionnaire
provided much of the needed information concerning
teacher and school characteristics.

OTAC answer cards were processed on the Department
of Educafional Research IBM 1401 computer.

On May 30 a list containing the OTAC scores and per-
centile ranks of students was posted to the schools; included
in this mailing were two talles for converting percentile
ranks to school marks, and a note explaining their use.

On June 19 another mailing was sent to the schools.
This mailing consisted of nominal rolls prepared on the
computer for'the entering of final examination results and
related information together with letters of thanks from
the writer and from Dr. Flower.

Concurreﬁt with the main data collection described
above a test-retest administration was conducted in the
writer's school; this school was not one of those selected
at random for the study. The first administration of OTAC
in the writer's school took place on May 21. The retest
was given as part of the student's final examination on
June 12. In anticipétion of the progress of the study tﬁe

Inventory of Choices had been administered to all Grade 12

s
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Chemistry students in the writer's school on October 22,
1963. The Inventory was administered again to these
students on May 27, 1964 in orcder to gain some estimate
of its stability.

Preparation of the Data
for Analysis

In the autumn of 1964 all data from the schools
were cheﬁked and th: few omissions and transcribing
errors corrected. Much of the information collected had
to be transferred to punchgd cards and considerable time
was spent in carrying out this operation.

The responses to the Inventory of Choices were
keypunched directly from the answer sheets and checked
by the writer. In May of 1965 the writer visited Dr. T.
Bentley Edwards at Berkeley, California and discussed with
him several research problems relating to the Inventory
of Choices. At Dr. Edward's suggestion, the responses to
the Inventory we?e scored using the Guttman scaling
program at the University of California's computer
installation at Berkeley.

In June of 1965 the scores of the 1963-64 edition
of the Scholastic Aptitude Test (Ontario Edition)4 were
transferred to the writer's decks from the ﬁaster file of
the Department of Educational Research. It was discoveréd

that no 1963-64 SATO scores were available for about 14% of

4Administered in November, 1963.
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the students in the present study, and it was.considered
worthwhile to retrieve as many of these missing scores as
possible. The computer output of the 1962-63 edition of
SATO was‘searched but only one-sixth of the students whose
scores were missing could be identified with certainty.
Letters were then sent to the participating schools asking
them to provide scores from any administration of SATO
that might be in their records. By this time scores from
the 1964-65 edition of SATO were available for some students
who had not written the previous year's edition, and these
were returned by the schools together with the results from
the 1962-63 and 1961~-62 editions for other students. The.
end result of this rétrieval was that missing SATO scores
were reduced from approximately 14% to about 4%; it was
necessary, however, to equate the scores from four different
editions of SATO if all these retrieved scores were to be
useful. The details of this eQuating process are given in
Appendix J. |

In September of 1965 the Inventory of Choices
was rescored, this time according to Stouffer's H-technique,

by the present writer. An IBM 519 document-originating

machine and IBM 84 high-~speed sorter were used td unscramble

the items, score them, form compound items, and gangpunch
these and the scale scores into IBM cards.
The writer Was fortunate to receive from the

University of Chicago Statistics Laboratory a test-scoring

e e
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and item analysis program written in FORTRAN II by Arieh
Lewy. This program was rewritten in FORTRAN IV and made
compatible with the University of Toronto's IBM 7094
computef by the present writer, and then used to score
the subtests and perform the item analysis on the OTAC
responses. For this program the OTAC responses had to
be converted from the mark-sense split-field punch pattern
to the more conventional format used by the Lewy program.

Personal information cbtained from the student
questionnaire (Appendix C), school marks and related
inforﬁation were transcribed by clerks to mark-sense cards;
these cards were spot-checked and processed by the writer.
Some of the information in this deck redquired all 12 punch
positions in some columns. To make the data in this deck
more amenable to computer analysis, a program was written
to convert zone punches to values of "1ll1" and "12"; two
consistency checks were incorpbrated'into the program so
that absurd combinations of data were detected (for example,
a student indicating that he planned to leave school with-
out completing Grade 12 and then enter a university). A
few such unlikely combinations were foﬁnd and traced to
clerical miscoding.

In order to avoid spurious correlation between
avefage marks and chemistry marks, and between OTAC scbres
and final cheﬁistry marks which might contain OTAC as a

component, a program was written by the present writer to

an mameran e e on o b
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remove the respective component in each case. The formula
used to remove the chemistry mark from the average mark

was

_ YZ - X

where Q is'the average final mark after removing the
final chemistry mark,
Y is the average mark including the chemistry mark,
Z is the number of curriculum subjects used to
compute the average, and
X is the final chemistry mark of the student.
In this formula all marks Fre expressed in percent.

Since each school was free to determine to what
extent the OTAC score should enter into the computation
of the student's final chemistry mark, different formulas
were_used for various schools to remove the OTAC component,
if anj, from the-final chemistry mark. The following
formula was used for two schools which simply used the
example given by the writer in the Chemistry Mark List

(Appendix D).

10

G ='§~ B

where G is the final chemistry mark, in per cent, after

removal of the OTAC mark, and
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B is the chemistry mark less the OTAC mark.
In this example B has a maximum value of 90, since the
OTAC mark formed 10% of the final chemistry mark.

Of the 305 schools in the study, 15 did not use
OTAC scores as part of the final Chemistry mérk, 2 used
OTAC scores only to assist borderline students at the
annual promotion meetings, and 13 used OTAC scores
converted to a school mark to form part of the final
Chemistry mark. Where used, the OTAC scores comprised
from 4% to 50% of the fiﬁal mark, with a median value
of 10%.

Information concerning each teacher and each
school was coded and punched into a teacher deck. This
information was then gangpunched into the students' cards.

All data from the various decks were finally
transferred to a master deck which contained two IBM caxrds
per student. A slightly modified version of the master
deck Qés prepared on the University of Toronto IBM 7094
computer to meet the redquirements of the AID prégram
which was run at the University of Michigan.

Appendix H contains lists of all variables
available and the coding systems used for those variables

requiring it.

5After the schools had been selected it was

discovered that two of the schools participating in the
study had amalgamated, thus reducing the number of parti-
cipating schools from 31 to 30.



CHAPTER V

ANALYSIS OF THE DATA AND
DISCUSSION OF FINDINGS

Characteristics of the Sample

The sample consisted of 2,339 Grade 12 Chemistry
students who wrote the Ontario Test of Achievement in
Chemistry. Scholastic Aptitude Test (Ontario Edition)
scores were available for 2,248 of these students. A
comparison of the sample statistics with those of the

Ontario Grade 12 General Course population is given in

Table 3.
TABLE 3
SATO SAMPLE AND POPULATION STATISTICS

Test . Group N Mean SD
SATO TV Chemistry sample 2,248 26.18 8.33
SATO TV General Course 44,029 26.50 8.29
SATO MATH Chemistry sample 2,248 17.05 5.69
SATO MATH General Course 44,016 17.18 5.69

It is apparent that the sampie statistics are dquite
close to the General Course population parameters, but it
should be kept in mind that the sample cannot be considered
as having been drawn randomly from that population since

only about 64% of the population enrolled in Grade 12
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Chemistry. In contrast, the students writing OTAC represent
81% of the Grade'lZ General Course enrollment in the
schools participating in the study.

The ﬁercentages of boys and girls writing OTAC were
52.6 and 47.3 respectively. Of those writiﬁg the criterion
test, 9.7% were taking the Grade 12 Chemistry course for
the second time; in this group 67.1% of the repeaters (6.5%
of the sample) were boys.

The average chemigtry student in the sample was 17.8
years of age. Most students.had a favorable attitude toward
school, and intended to proceed to university after complet-
ing Grade 13. The largest group of students came from
families which had resided in Ontario for over 100 years;
almost as large a group came from families which had resided
in Ontario from 10 to 24 years. |

The mean length of chemistry period in the schoolé
in the sample was 37.5 minutes; the mean number of periods
per Qeék devoted'to chemistry was 5.4. The average cﬁemistry
class contained 30.4 students.

Of the 48 chemistry teachers in the sample, 39 (81.4%)
were males. The mean Grade 12 Chemistry teaching experience
for this group of teachers was 9.5 years and their mean
Grade 13 Chemistry teaching experience was 4.7 years.

A summary of personal, attitudinal, and environmental
data collected comprises Appendix H: for continuous variables,

means and standard deviations are calculated; for. some
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variables, medians and frequency distributions are provided.

Characteristics of OTAC

Conventional Test Statistics

OTAC was scored with no correction made for guess-—
ing. The criterion test statistics are given in detail in
Appendix G. Table 4 presents thése statistics of major
interest;

Examination of Table 4 shows that OTAC on the whole
was difficult for the group; the subtest containing
Category 4.00 items was especially difficult. The overall
variability of OTAC is quite acceptable (Ebel, 1965, p.302).
Median éoint—biserial correlations of items to their own
subtests are in every case higher than the corresponding
correlations to the test as a whole, suggesting theat the
subtests have some measure of uniqueness. (If items
correlated no better to their own subtest than they did to
the test as a whole, one could doubt that the arrangement
of items into those subtests had any valid basis.)

The reliability of OTAC is low compafed to the
reliabilities reported for published chemistry tests. Of
the factors tending to depress test reliability (Mursell,
1949, p.46-50; Ebel, 1965, pp.336-338, 343-344), the follow-
ing .are most likely to have affected OTAC:

l. Too many difficult items;

2. A wide range of item difficulties which causes the
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Kuder~Richardson Formula 20 (KR~20) reliability to
be underestimated;

3. The presence of items of low discriminating power;

4. Heterogeneous items: this factor must account sub-
stantially for the lower reliability obéerved, since
the test was deliberately constructed of subtests
purporting to measure different cognitive abilities;

5. Items not scaled in order of difficulty;

6. The comparatively small number of items (60) as compared
to published chemistry tests.

The figures in Table 4 support the first three
reasons. The fifth reason is supported by examination of
the detailed item analysis in Appendix G.

Administration irregularities can depress the
reliability of a test. Only two schools repofted conditions
which distracted students who were taking the test: one
school reported a room temperature of 80°F and another
school had its students writing the test in a cafeteria
where noise from the kitchen bothered the testeés. The mood
and attitude of students taking the test, and the varying
motivation of the students, are known to affect test
reliability; unfortunately it is impossible to assess thg

effect of such factors in the administrxation of OTAC. It
should be noted that all objective tests are susceptible to
these conditions however, and there is no reason to believe

that OTAC was administered under con-itions very much
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different from those encountered during the administration
of other objective tests such as SATO.

According to a rather arbitrary but commonly used
criterion (Swineford, 1966, p.5), a test is regarded as
essentially unspeeded if at least 80% of the group reach
the last item and if virtually everyone reaches 75% of
the items. Of the group writing OTAC, 88% reached the last
item and only two students (less than 0.1%) did not reach
at least three-quarters of the items in OTAC. These figures
indicate that in all likelihood speed was not an important
factor in the test.

.The low reliabilities of the subtests may be due to

a number of causes, one of which is the small number of items.

It is useful to calculate what the reliabilities would be if
each subtest consisted of 60 items whose kind and dquality
were similar to that of the actual items used (see Table 5).
For this purpose, the Spearman-Brown "prophecy formula”

(Cronbach, 1960, p.131) is useful:

- nx
n 1 + (n - 1)x

iy

where ¥ is the original reliability
and r. is the reliability of the test n times as long

as the original test

[ L o
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TABLE 5

PROJECTED RELIABILITIES OF OTAC SUBTESTS

s et

KR-20 projected

Subtest Oisfgged on basis of 60
items in each subtest
1 60/23 . 640 .823
2 60/11 .570 .878 |
3 60/14 .590 .860
4 60/12 .315 . 697

The small number of items is definitely one cause
of low subtest reliability. Other causes contributing to
low subtest reliability seem to be the same as those that
affected the test as a whole. The heterogeneity of items
within each subtest is probably made more pronounced by
the attempt to avoid as much as possible stereotyped item
formats in assembling the test. |

The much lower reliability of subtest 4.00 is
difficult to explain, but may be attributed in part to
the ﬁﬁfamiliér férmat of many of the items in this category.
Ontqrio secondary school students on the whole have not
.been exposed to formal objective tests in science to the
same extent as many of their counterparts in other places;
the relative unsophistication of such students may result
in such items causing consternation during the test. Any
testing irrelevancy such as a distraction of this sort
would tend to depress the reliability of the subtest.

It is worth noting that of all subtests, subtest 4.00

AT LOTLRRIL T L, T
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had the highest percentage (11.2%) of omitted items. |
A test-retest administration of OTAC was given to
the students of the present writer's school in order to ?

obtain the necessary data for stabilizing the test scores;

the major statistics of this administration are presented : |
in Table 6.
It should be noted that the retest could not be

considered to be given under the same conditions as the

test. The retest formed part of the students' f£inal chemistry ;
examination when motivation was probably at the highest level %
one could expect. On the other hand, it is the writer's }
experience that some students do not prepare for a test such !
as OTAC as seriously as they would for a final examination.
One might reasonably expect, then, to find a reflection of
this change to more uniform motivation in the.item statistics
of the test and retest. Examination of Table 6 shows thaﬁ
compared to the test, the retest has higher means as well as
highef standard aeviations and reliability coefficients
(except in Category 3.00).l The shift to highef means and
reliability coefficients may be due also to practice effect
(élthough the students did not know that the same test: would
be given twice), but the one significant change in variability

is an increase rather than a decrease as expected.

;All gains in means were significant at the .01l level;

changes in variance were not significant except for the gain
in Category 1.00, which was significant at the .05 level.
Appropriate t tests for correlated observations are described
in Popham (1967, p.l1l52) and Ferguson (1966, pp.183-184).

L
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In all cases except that of subtest 4.00, the test-

retest reliability exceeds the corresponding KR-20
reliability obtained in the main OTAC administration and

in the test—~retest administration.

The point-biserial correlations of nine OTAC items
to the total test fell below the arbitrary limit of .20.
An examination of these items and their statistics revealed

no strong reason for rejecting any of them. In deciding

e TMSECASI I RATARCLETY imierea e e v 52 -

to retain these items in the analyses, the writer was guided

FEN SRR 8

by the suggestions of Cronbach (1960, pp.366-367).
In general, although the test proved to be difficult

for the group to which it was administered, it compares

favorably with published tests. The KR-20 reliability of

the test as a whole, although not as high as many similar
reliabilities reported for published tests, seems quite
acceptable, particularly when one considers that the test
attempts to measure distinct cognitive abilities plus a wide
range of'factual'matter loosely brought together under the
heading "chemistry achievement" (Ebel, 1965, p.336). Davis
(1964, p.23-24) points out that, for large groups, reliabilities
lower than .50 may still be useful; however, his reminder

to take into account the varying reliabilities of tests
applies equally to subtests. The low reliability of sﬁbtest
4 .00 especially nmust be kept in mind, since its standard'
error of measurement (a function of the subtest's reliability)

will be large and the sensitivity of that subtest therefore

i maa Smema v w4 sewstt CSmmmm mm o das oo
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will be decreased.

Characteristics Peculiar to
Taxonomy—~Type Tests

Subtest difficulty
and Taxonomy category

In a test constructed on the principles of the -
Taxonomy of Educational Cbjectives, one would expect that
as the level of éognitive ability becomes more complex
the mean score of the corresponding subtest decreases.
This inverse relationship between category level and mean
score generally has been observed in studies reported by
Kropp and Stoker (1966, pp.82-84).

Examination of subtest difficulties in Table 4
shows no such tendency. The reason is that in building
OTAC an attempt was made to equalize the difficulty of
the subtests. Items vary in difficulty for reasons other

than their membership in a certain Taxonomy category. A

good ‘example of this variation is found in the Category 1.00
subtest in OTAC, where item difficulties range from .1l to
.79. In an item pool there could exist a Qide range of

item difficulties in each category, aﬁd it should be possible
to select, either inadvertently (particularly where items

are tied to subject matter and course coverage) or deliber-
ately, subtests of high or low average difficulty, and thus
prove or disprove the relationship of increasing difficulty

with category. One may circumvent the possibility of bias-
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ing results in this manner by using items whose difficulty
is either concealed or not known. On the other hand, it

seems advantageous to construct Taxonomy subtests equal in

average difficulty so that student preferenqes for various
cognitive functions may reveal themselves; in other words
one may attempt to "keep subtest difficulty constant" in
investigating the cognitive preference of students. This
was the approach taken in assembling OTAC. As shown in
Table 4, the attempt was not altogether successful. The
lack of constant difficulty from subtest tq subtest can be
attributed to the fact that only a relatively small item
pool was available from which to choose items to build the
subtests and that the group on which the items had been
pretested was not representative of the group which wrote
OTAC.

It should be noted that in the preliminary editions

of OTAC, the higher the Taxonomy category, the more difficult
the items were on the average. Appendix E illustrates the

foregoing relationships of mean item difficulty and Taxonomy

category membership.

Simplex Structure

If the subtests in a test form a hierarchical
structure, one would expect that adjacent subtests would
be more highly correlated than would subtests whose positions
are remote in the hierarchy; The subtest intercorrelation

‘matrix should assume an aspect similar to that shown in
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Table 7. Any matrix in which diagonal entries are
relatively high and in which entries drop in value as
they are situated. farther away £from the diagonal is

said to possess simplical structure or to form a simplex.

TABLE 7

EXAMPLE OF A PERFECT SIMPLEX

Subtest 1 2 3 4
- .74 .55 .42
2 - .74 .56
e 3 . - .76
- .4 -

-

While real data seldom fit a mathematical model,
it is possible to obtain a measure of the goodness of fit

of the data to the model; the statistic q2 suggested by

Kaiser (1962, pp.l55-162) is such a measure.

Table 8

gives the subtest intercorrelation matrix obtained for OTAC

when the items were assigned .to Taxonomy categories by the

panel of judges.

TABLE 8

OTAC SUBTEST INTERCORRELATION MATRIX

~axonomy 1.00 2.00 3.00 4.00

. Category

~1.00 ~ .538 .548 .408
2.00 - .577 .387
3.00 - .401

4.00

PR
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The matrix shown in Table 8 does not form a perfect
simplex, but sufficiently approaches one to lend support
to the hierarchical structure amongst the subteSts.. Using
Kaiser's method, a q2 of .90 is obtained for the simplex-

like matrix in Table 8.2 This value of q2 compares very

aws

favorably with values for a chemistry test reported by Kropp

and Stoker (1966, p.87).

Agreement of Judges

Research mentioned in Chapter II indicates that
feasonable égreement can be expected amongst qualified

judges when they assign items to Taxonomy categories. In %

the present study three teachers of chemistry from three
different publicly supported high school systems served as
judges; all had se§eral years' experience in teaching
Grade 12 and Grade 13 Chemistry. The present.writer had -

originally assigned OTAC items to Taxonomy categories

whilé assembling the test in 1964. A year later the items
were again classified by the writer, but without reference
to the first classification. A few months later the judges
met with the writer, were provided wiﬁh a synopsis similar

to Table 1, and, after an explanation of the Taxonomy,

were asked to classify the OTAC items. Much discussion
took place but the judges classified items without knowing

which classification was given to any item by the other

2The same operations performed on the intercorrela-
tion matrix obtained when items assigned to Taxonomy,cate-
gories by the present writer alone yield a g4 of .91.

neriss rmmann SR e i mamvet
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judges or by the present writer. In order to avoid influ-
encing panel members, the present writer was careful not
to have his own classification available while the panel
of judges sat; his functibn was restricted to clarifying

issues related to the Taxonomy as a classification scheme.

The panel submitted their classifications after a session
lasting about six hours.

In assigning the OTAC items to Taxonomy categories

for this study, the classifications submitted by the three
judges were compared with the two classifications made a
year apart by the present writer. The five sets of item
classifications were pooled and the modal classification
of each item determined; items were then assigned to

Taxonomy categories according to these modal classifications.

Table 9 shows the extent of agreement as indicated by modal
classification of OTAC items.

The results reported ih Table 9 surpass those
reported by Stokér and Kropp (1964, pp.39-42) even when
the present writer's classifications are omitted from the
pool. When only the three judges' classifications are
.pooled, the results equal those reported by McGuire (1963Db).
The high degree of agreement amongst judges suppbrts the

argument that the Taxonomy categories are meaningful to item

classifiers and that the OTAC subtests have some degree of

judgmental wvalidity.

e o s
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TABLE 9

EXTENT OF INTER-JUDGE AGREEMENT IN ALLOCATING
OTAC ITEMS TO TAXONOMY CATEGORIES

Number of Judges ) Number of
Agreeing on Place- Exteng.of Agreemint Items

ment of Ttems or Jlsagreemen Concerned

5 Unanimous ' 30

4 1 category difference? 12

4 2 categories difference 5

4 3 categories differen e® 1

3 1 category difference 5

3 3 2 categories differenc 6

2 + 2 2 categories difference 1

Total Number of Items..... 60

a._. .
Difference of opinion at most one category
removed from majority opinion.

?Difference of opinion at most two categories

removed from majority opinion.

c . L[] L[] L[]
Difference of opinion at most three categories
removed from majority opinion.

dIn the one case where a bimodal response occurred
between Categories 1.00 and 2.00, the higher category was
selected. '

Pvramid Effect

The danger of pyramid-like relationships occurring

in Taxonomy~type tests has already been referred to in

Chapter IV (pp.l1l18-119). It was suspected that the unusual
item statistics of the Category 4.00 subtest were the result
of pyramid effects. To detexrmine whether such pyramid
effects existed in OTAC, the items were pasted on filing
cards and then compared with one another. The investigatbr
then attempted to place related items into pyramid structure.

There were no groups of four or more related items spread
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across four different Taxonomy categories. One group of

four items was spread across thfee categories, but the item
in the highest category wés the easiest item of the group—
the opposite to the expected result. Two groups of three
items each were spread across three categories, but the

easiest item in both cases was in the middle category.

Three groups of three items were found spread over two
categories each, but two of these three groups f£it the pyramid
model only partially. Of nine item pairs detected, the

higher category item in five pairs was the more difficult,

UV SUUE L.~ 3 SO P2 e 2 3 S

as would be expected. In three pairs the higher category
item wasgs the less difficult of the pair, and in the remain-
ing pair both items werc of equal difficulty.

One may conclude that the pyramid effect in OTAC is
negligible, and is probably the result, to a éubstantial
extent, of the attempt to equalize item difficulty across.

Taxononmy subtests. In any case the item difficulties

observed in the groups of related items suspected of pyramid
effects do not seem to explain the unusual statistics of the

Category 4.00 subtest.

The foregoing results show that OTAC possesses the

characteristics of~Taxonometype tests to a satisfactoxry

degree. The inverse relationship between mean subtest score

and Taxonomy level of subtest was deliberately modified in

assembling the final edition of the test. Simplex structure
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and sufficient inter-judge agreement are evident; pyramid
structure is virtually absent. The conventional test
statistics show OTAC to be suitable for research purposes.

The present writer thus considers OTAC a satisfactory

criterion test for the purposes of this investigation.

AID Analysis

In the present study a large number of variables
assumed to be related to chemistry achievement are investi-
gated; the process of identifying those variables and their
interactions which are related to chemistry achievement is f
necessarily a complicated one redquiring numerous repetitive
trial-and-error procedures. The Automatic Interaction
Detector (AID) program (Sonquist and Moxrgan, 1964) carries i
out the process by empirically selecting those combinations
of independent variables which account for the variance of
a dependent variable.

The AID program is written in MAD (Michigan Algorith-
mic Decoder), an Algol-based programming language used exten-

sively at the University of Michigan.

The AID Program
The AID program is designed to select optimal com-
binations of explanatory variables. One dependent variable
and up to 36 independent (explanatory) variables may be
handled in one run.

The objective of the AID program is to explain the

Brmmras = e A
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variance bf the dependent variable. The program accomplishes
this objective by using a series of binary splits to sub-
divide the sample into a series of mutually exclusive sub-
groups wﬁich maximize one's ability to predict values of

the dependent variable; that is, each group's mean may be
used to predict the scores of students faliing in that group.
The analysis uses a non-symmetrical branching technique based
on the processes of variance analysis.

No assumptions of linearity, additivity, normality,
ox absence of interactions are redquired as in conventional
multiple~regression techniques. Categorical data, rankings,
and cont<inuous variables may at the same time be used as

predictors subject to certain restrictions.

Program Restrictions

Independent variables may be monotonic (ordered)
or free (non-ordered), but must. fall in the range O i \Y E 63.
Negative values of independent variables are not permitted.
FPree independent variables should be limited to six or

fewer classes.

The Algorithm

The essential steps are as follows:
1. Calculate the total sum of squares (TSSt) around the
érand mean of the dependent variable.
2. Select for splitting that group i which has the largest

total sum of squares of the dependent variable around

e
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the group mean (TSSi) and which satisfies pérameters
Pl and MSIZE mentioned below.

Split group i into two non-overlapping subgroups to

provide the largest reduction in the unexplained sum
of squares; that is, maximize the between-wgroup sum
of squares (BSSi). This procedure is performed on

group i over all possible binary 'splits on all predictors,

BSSi >

TSS, =
L

with the proviso that parameter P2 for a split to
occur.

Repeat step 3 with the next most promising group (the
one with the next largest TSSj) selected by step 2, and

continue until the process is terminated in accordance

with the parameters which f£ollow.

Input Parameters !

The values inserted here are those which were used

in the actual runs, and selected on the advice of thé ori-

ginators of the program.

1.

Pl, Split Eligibility Criterion = 0.01l5; that is, 1.5%
of TSSt must be in a group if that group is to become

a candidate for splitting.

P2, Split Reducibility Criterion = 0.005, that is, the
best split on'any gfoup must reduce the unexplained sum

of squares by at least 0.5% of TSS, or that group will

t
not be split and will not become a candidate for splitting

even though it may satisfy parameter Pl.
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3. MAXGP = 50. This is the maximum numnber of fiﬁal groups
into which the input data may be split, regardless of
parameters Pl and P2.

4. MSIZE = 25. This is the minimum number of observations
(students) a group must have if that grdup is to become
a candidate for splitting. s

Of the parameters listed, P2 is the most crucial.

S BUpR

Thus a group will not be split furxrther if: (a) less

4 e b o o o

than 1.5% of TSS, is present in that group, or (b) the unex-

€
plained sum of squares is not reduced by at least 0.5% of

TSSt by the best split, or (c) less than 25 students are

present in the group. |

The process terminates when all groups cannot be
split further, or when more than 50 unsplit f£inal groups

appear. !

Types of Groups

The series of binary splits produces a number of
final groups which fall into three categories:
l. Small group-—one which contains too few observations
to warrant further splitting;
2. Explained group-—one above the minimum size, but having
too little variation to warrant furfher splitting;
3. Unexplained group—one which is sufficiently large and
spread ouﬁ, but for which no variable in the analysis
was useful in reducing the unexplaihed variation within

that group.

e



Other Features of the Program

Monotonic predictérs have their order maintained
during the partition scan. Free variables have their
classes ?earranged during the'partition scan and are sorted
in descending sequence according to the mean value of the
dependent variable for each class.

Variables used in an early split are eligible for
use in later splits; the program does not discard a variable
after using it once. Thus, predictors can substitute for
one another, at any stage, in explaining variation in the

dependent variable. %

Importance and Significance

The authors of the AID program base the splitting
procedure on statistical importance. A split is important
when it reduces the unexplained variation by a large amount,
whereas a split is significant if it cannot be quite reason-
ably attributed to chance. The program proceeds by making
splits primarily on explanatory power, although significance |
of each split is not neglected.

Chance splits can be minimized in this program (a) by
leaving monotonic variables in their natural rank-ordering
during the partitioning process,3 and (b) by leaving free

variables unconstrained and having f£ive or six classes at most.

3an exception to this rule is made when the possibil-
ity of a U-shaped or inverted U-shaped relationship is sus~
pected between the dependent variable and an independent
variable. 1In this case adjoining classes should be combined
to form up to five classes and the independent variable left
unconstrained.

- - -
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e Interaction

—

e~

\\\\inggfaphic representation of the branching process

carried out bixzﬁé“pregggm is called the tree pattern. Non-

symmetry in the tree.pattern (that™® ~~Lhe extent to which

\ )
different variables are used in the splits on the Varisus.__

\_‘\'

- “——

trunks of the tree) implies interaction. If a variable used
on one of the trunks shows no actual or potential utility

in reducing predictive error in another trunk, then an
interaction effect between that variable and those used in

the preceding splits is indicated.

Advantages of the AID Program

A splitting predictor may not function with equal
effecfiveness over a number of groups which are the result
of splitting by another predictor. The region of the tree
where the predictor was most effective is immediately
apparent.

Variables that "almost made it" (that is, were almost
as useful as the splitting variable at any stage) are easily
detected since the potential usefulness of'each predictoxr
at every stage is indicated by the raﬁio (%%g)i printed in
the output. This feature guards against an interpretation
based oniy on those variables which were actually used in
the split. The same feéture reveals variables which had
little explanatory power at any stage in the splitting

process.

f 2 g e
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Method of Investigating Variables

Five AID runs were made on the IBM 7090 computer
at the University of Michigan. The first run was intended
to be exploratory and contained only 18 independent variables
plus the OTAC Total score as the dependent Qariable. The
18 independent variables used were those thought most likely
té be related to OTAC chemistry achievement. After the
results had been examined it was decided to carxy on this
part of the investigation by (a) discarding those variables
which had shown themselves to be of little use and substi-
tuting for them independent variables not yet investigated,
and (b) repeating the process using the first set of inde-

pendent variables but substituting as the dependent variable

Taxonomy Category 4.00 subtest scores in one case and

chemistxy final examination marks in the other.

AID Output

From the numerical output of the AID program it is
possible to construct a graphical display of the relation-
ships of the dependent variable to those ihdependent
variables which proved useful in expléinihg the former's
variance; such a display is called an "AID tree" and consists
of "trunks," "branches,” and "twigs."

The ogtput also provides values of the statistic BSSi
(the between-group sum of squares) for each predictor over

each group created during the partition process. Those
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variables which were used in the splits, and those which
were almost effective enough to be used for splitting, can
be identified readily when values of BSSi are presented

in tabular form.

A useful aid in interpreting the results of an AID
analysis is a table summarizing the contributions, across
all groups, of those variables which -were found to be
importanf in explaining the variance of the dependent
variable.

In the present study the results of the AID analysis

are presented in all three forms mentioned.

Results
The abbreviations for the independent variables
which were used in the AID analysis are listed in Table 10.
These abbreviations are used to save space in the followihg

tables.

Run No. 1l

As shown in Figure 4, a number of mutually exclusive
subgroups are formed by the action of relatively few explan-
atory variables: only five out of the 18 independent
" variables used in this run account for the explainable
variance in OTAC total scores. The following interactions
are indicated: Educational Plans 1 x SATO Total Verbal,'
Prudent—-Theoretic x SATO Mathematics, SATO Mathematics X

SATO Total Verbal, Theoretic~Immediate X SATO Mathematics x
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TABLE 10

ABBREVIATIONS FOR INDEPENDENT VARIABLES
USED IN AID ANALYSIS

Abbreviation Variable
SATO TV Scholastic Aptitude Test (Ontario)—Total Verbal Score
SATO MATH Scholastic Aptitude Test (Ontario)—Mathematics Score
P-T 4 Inventory of Choices, Prudent-Theoretic 4-point scale
P~-I 4 Inventory of Choices, Prudent-Immediate 4-point scale
P-A 4 Inventory of Choices, Prudent~Aesthetic 4-point scale
T-I 4 Inventory of Choices, Theoretic~-Immediate 4-point scale
T-A 4 Inventory of Choices, Theoretic—-Aesthetic 4-point'scale
A-I 4 Inventory of Choices, Aesthetic-Immediate 4-point scale
SEX Sex of student
OCCF Occupation of father
occM Occupation of mother

‘ OCCs Occupational aspiration of student
REPEATING Repeating Grade 12 Chemistry
ATTITUDE Attitude toward school
LANGUAGE Language spoken in the home
ED PLANS 1 Immediate educational plans
ED PLANS 2 Future educational plans

SCHOOL TYPE Public¢ly supported, Roman Catholic, Independent private

TEXT Textbook used in chemistry class

MANUAL Laboratory manual used in chemistry class

P~-T 9 Inventory of Choices, Prudent»?heoretic 9-point scale
P-I 9 Inventory of Choices, Prudent-Immediate 9-point scale
P-A 9 Inventoxy of Choices, Prudent-Aesthetic 9-point scale
T-I 9 Inventory of Choices, Theoretic-Immediate 9-point scale
T-A 9 Inventory of Choices, Theoretic~Aesthetic 9-point scale
A-T 9 Inventory of Choices, Aesthetic-Immediate 9-point scale
NOB Number of older brothexs in family

NYB Number of younger brothers in family

NOS Number of older sisterxrs in family

NYS Number of younger sisters in family




Abbreviation

NORPOS
INPOS
NCHILN
RESIDENCE
BEST SUBJ
WORST SUBJ
AID'S

AGE

P-T 12

P-I 12

P-A 12

T-T 12

T-A 12

A-T 12
TCHR RESP
TCHR SEX
TCHR QUAL
12 CHEM EXP
13 CHEM EXP
PD LENGTH
PREPS

12 CLASSES
13 CLASSES
TCHG PDS
TCHG TIME
TOT PUPTILS
CHEM PD/WK
TCHR

CLASS SIZE

TABLE 10—CONTINUED

ygriable

Normal ordinal position of child in family
Reverse ordinal position of child in family
Number of children in family

Length of residence in Ontario

Subject liked best by student

Subject liked least by student
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Use of audiovisual aids and autoinstructional devices

Age of student
Inventory of Choices,
Inventory of éhoiCes,
Inventory of Choices,
Inventory of Choices,

Inventory of Choices, Theoretic-Aesthetic 12-point

Inventory of Choices, Aesthetic~Immediate 12-point
Responsibility of chemistry teacher

Sex of chemistry teacher

Qualification of chemistry teacher

Number
Number

Length

of years chemistry teacher has taught Grade
of years chemistry teacher has taught Grade

of chemistry period

Prudent-Theoretic 1l2-point scale
Prudent-Immediate l2-point scale
Prudent-Aesthetic 12-point scale

Theoretic~-Immediate 12-point scale

scale

scale

12 chemistry
13 chenistry

Number of preparations per week for chemistry teacher

Number of Grade 12 chemistry classes per week
Number of Grade 13 chemistry classes per week
Total number of teaching periods per week
Teaching time per weék (all subjects)

Total number of pupils per week

Number of periods per week allotted to Grade 12 chemistry

Teacher identification

Size of students' chemistxy class
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SATO Totél Verbal.

As indicated in Table 11, the variable "Repeatingf
"almost made it," that is, would be almost as good a
splitter as SATO Mathematics for group 9. The total
variance explained by each important variable in the run

is shown in Table 12.

TABLE 12
AID ANALYSIS FOR RUN NO. 1—
CONTRIBUTION OF IMPORTANT VARIABLES
TO OTAC TOTAL SCORE VARIANCE

Pexrcent of Variance

Variakle Explained

SATO MATH . ¢ ¢ o o o & 27 .55

SATO TV ¢ ¢ ¢ o o o o = 10.66

ED PIANS 1. . . . . . . 1.50 ;

T—I 4 . . . . . . . . . ].002 1

P—T 4 . Py . . . . . . Py 0054 '
Total o « o o o . . 41.27

Thus 41.27% of the variance of OTAC total scores
is explained by five variables. None of the remaining
variables used in this run reduced the unexplained sum of |

squares by as much as 0.5%.

Run No. 2

Variables which were of practicallf no use in ex-
plaining the variance of total OTAC scores were replaced
with untried variables. The four-point Stouffer scales of
the Inventory of Choices were replaced with the nine-~point

Guttman scales obtained from the computer runs made at the

e e e s e eeverebevme o ————— v oo —
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University of California at Berkeley. SATO Total Verbal
scores, SATO Mathematics scores, and Educational Plans 1
categories were retained in this run.

As shown in Figure 5, again a number of mutually
exclusive subgroups are formed by the action of relatiVely
‘few explanatory variables: only six out of the 24 inde-
pendent variables used in this run account for the explain-
able variance in OTAC total scores. The following inter-
actions are indicated: Educational Plans 1 x SATO Total
Verbal, SATO Mathematics x SATO Total Verbal, Theoretic-
Tmmediate 9 x SATO Mathematics, Educational Plans 2 Xx
Theoretic~Immediate 9, Best Subject x Educational Plans 2.

As indicated in Table 13, the variable SEX would
be almost as good a splitter as Best Subject for group 20.
The total variance explained by each important variable

in the run is given in Table 14.

TABLE 14
AID ANALYSIS FOR RUN NO., 2—
CONTRIBUTION OF IMPORTANT VARIABLES
TO OTAC TOTAL SCORE VARIANCE

Percent of Variance

Variable . Explained
SATO MATH . . . . +. . . 27.55
SATO TV . & & 4 o o o 10.01
ED PLANS 1. . . . . . . 1.50
T-I 9 . . . ¢ ¢ ¢« o o . 0.95
ED PLANS 2. « +« « « « . 0.57
BEST SUBJ . . . « « . . 0.55

Total . . . . . . . 41.13

R e e g WO R S - S B
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Thus 41.13% of the variance of OTAC total scores
is explained by six variables. None of the remaining
variables used in this run reduced the unexplained sum of
squares by as much as 0.5%.

It is worth noting (Table 14) that, in terms of
total variance explained, Theoretic-Immediate 9, Educational
Plané 2, and Best Subject together are almost as effective
as Educational Plans 1 and Theoretic~Immediate 4 (Table 12)

in accounting for the percentage of variance explained.

Run No. 3

The procedure of Runs No. 1l and 2 was repeated, with
the twei&e—point Guttman scales replacing the nine-point
Guttman scales of the Inventory of Choices., Variables which
were of practically no use in explaining the variance of
total OTAC scores were replaced with untried variables.4

As shown in Figure 6, once again a number of
mutually exclusive subgroups are formed by the action of
relatively few explanatory variables: only six out of
the 26 independent'variaéles used in this run account for
the explainable variance in OTAC total scores. The
following interactions are indicated: Teacher x SATO

Total Verbal, SATO Total Verbal x SATO Mathematics, SATO

Mathematics X Teacher, Prudent-Theoretic X SATO Total

4Educational Plans 1l was inadvertently omitted from
this run, because of a coding error in the control cards;
however, the importance of this variable has been estab-
lished in the preceding runs.
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Verbal, Theoretic—-Imnmediate 12 x SATO Mathematics, Educa-
tional Plans 2 x SATO Mathematics.

As indicated in Table 15, none of the variables other
than those actually used as splitters was of potential
use in splitting the groups. The total variance explained

by each important variable in the run is given in Table 16.

TABLE 16
AID ANALYSIS FOR RUN NO. 3 —
CONTRIBUTION OF IMPORTANT VARIABLES
TO OTAC TOTAL SCORE VARIANCE

Percent of Variance

Variable Explained
SATDY MATH . . . . . . . . . 27.72
SATO TV . . .« v v ¢« o « . . 10.01
TCHR . . . ¢ « . ¢ ¢ o & . 2.37
T-T 12 . . . ¢ ¢ ¢ « o o . .77
ED PIANS 2 . . . . . . . . .69
P-T 12 . . . . ¢ ¢ . & . . .52
Total 42.08

In this run.42.08% of the variance of OTAC total
scores is explained by six variables. None of the remain-
ing variables used in this run reduced the unexplained sum
of squares by as much as 0.5%.

The nature of the variable labelled "teacher"
needs some comment. When the six teachers in Group No. 8
and Group No. 16 (Figure 6) were identified, it was dis-
covered that the six teachers came from only three schools.
None of these three schools had other teachers of chemistry

on the staff.
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Although the splits in Run Né. 3 were made on
the basis of the kteacher variable, it is quite possible
that the school rather than the teacher was the actual
splitting variable. Since two splits were made on the
basis of this variable, the possibility exists that one
split was made on the basis of the teacher variable and
the other split made on the basis of the school variable.
A further possibility is that the splitting variable
was both the teacher and the school; in other words a
teacher x school interaction could be responsible for
the spiits observed.

| Because the nature of the variable itself is
uncertain, it was decided to rename the variable.
"School environment" was the name selected and is the
name that will be used in the remainder of this report.

Since a number of teacher and school character-
istics were collected as data and used as input variables
in the AID runs aﬁd none of these characteristics proved
to be of actual or potential use in splitting groups,
one cannot in this study identify which teacher or school
characteristic or characteristics are related to the
explainable OTAC total score variance. All that can be
concluded is that the important characteristic or
characteristics cannot be one or more of those variables

investigated in the present study.
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Run No. 4

The low estimate of internal consistency
obtained for the Analysis subtest has already been

noted. Because of the unusual nature of the Taxonomy

Category 4.00 subtest scores, it was decided to com-
pare an AID analysis of these with the analysis of
OTAC total scores. The independent variables used
were the same as those of Run No. 1.

It is clearly shown in Figure 7 that mutually
exclusive subgroups were formed by the action of only
two of the 18 explanatory variables, viz: SATO
Mathematics and SATO Verbal. No interaction between
these two variables is indicated.

As indicated in Table 17, Educational Plans 1
would be almost as good a splitter as SATO Total
Verbai for group 2. The total variance explained by
each important variable in the run is shown in Table

18.

TABLE 18
AID ANALYSIS FOR RUN NO. 4 —
CONTRIBUTION OF IMPORTANT VARIABLES
TO OTAC SUBTEST 4 SCORE VARIANCE

Percent of Variance

Variable Explained
SATO MATH . . . « . . . . 7.69
SATO TV . ¢ ¢ ¢ ¢« o o o @ 4.48

Total . . .+ ¢ ¢ o o =« 12.17

RN
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Thus 12.17% of the variance of OTAC total scores
is explained by two variables. None of the remaining
variables used in this run reduced the unexplained sum

of sduares by as much as 0.5%.

Run No. 5

It was decided to compare the AID analysis of
final marks in chemistry with the first analysis of OTAC
total scores. The independent variables used were the )
same as those in Run No. 1.

As shown in Figure 8, again a number of mutually
exclusive subgroups are formed by the action of relatively
few explanatory variables: only five out of the 18 inde-
pendent variables used in this run account for the expiain-
able variance in final chemistry marks. The following inter-
actions are indicated: Educational Plans 1 x SATO Mathe—'
matics, SATO Total Verbal x SATO Mathematics, Repeating X
Educational Plans 1, Educational Plans 1 x SATO Total Verbal,
Theoretic-Immediate 4 x Educational Plans 1.

As indicated in Table 19, the variable Prudent-
Theoretic 4 would be almost as good a splitter as SATO
Total Verbal for group 4. The total variance explained
by each important variable in the run is given in Table 20.

Thus 21.51% of the variance of final chemistry
marks is explained by five variables. None of the rémaining
variables used in this run reduced the unexplained sum of

squares by as much as 0.5%.
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TABLE 20

AID ANALYSIS FOR RUN NO. 5-— ‘
CONTRIBUTION OF IMPORTANT VARIABLES
TO CHEMISTRY MARKS VARIANCE

Percent of Variance

Variable- Explained
SATO MATH . ¢« ¢« ¢ « « . 11.62
SATO TV . ¢ ¢ ¢ ¢ o o o 1.97
ED PIANS 1. . . . . . . 6.52
REPEATING . . . . . . . .90
T-IT 4 . . . ¢ ¢« « « o . .50
Total . . .« « « « 21.51

Summary and Discussion of
AID Analysis Results

In each of the five AID runs, not more than six
var iables accounted for the explainable variance. As
might be expected, SATO Mathematics and Total Verbal scores

accounted for most of the explainable variance, regardless

of whether OTAC Total score, Taxonomy Category 4.00 sub-

test score or final chemistry marks was the dependent
variable investigated. Immediate educational plans was an
effective variable in explaining the variance of OTAC Total
score and final chemistry marks. A noteworthy discovery

was the importance of one or other of the Theoretic-Immediate
séales of the Inventory of Choices in explaining OTAC

Total score variance (and chemisﬁry final marks variance).
Other variables (Prudent-Theoretic 4- and l2-point scales,

- future educational plans, best subject) which accounted

for some of the OTAC Total variance each reduced the unex-
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plained sum of squares by less than 1% of the - total; the
single exception to this statement was a variable associated
with the school environment—a variable which could not
be identified from the data collected in this study. The
variables sex and repeating were shown to have limited
potential utility as splitters.
None of the remaining variables was of any practical use
in reducing the unexplained variance of OTAC Total scores.
Rather remarkable was the finding that, of the

input variables expected to explain Taxonomy Category 4.00

subtest score variance, only the two SATO scores proved
important.

A number of interactions were indicated in the AID
analysis but those located in the "twigs" of their respect-
ive AID trees are not likely to contribute considerably
to the explainable variance of the dependent variable; the
SATO Total Verbal x SATO Mathematics interaction is an
exception to this'statement. Some of the variables which
interact with the SATO combination are studied in the pat-
tern analyses which follow.

Examination of the AID tree diagrams (Figures 4 - 6)
reveals a finding not reported in the research reviewed in
Chapter II; namely, that the Theoretic-Immediate and Prudent-
Theofetic scales (and immediate educational plans as well)
do not act with equal effiéiency across the whole group of

students, but act most effectively in certain ranges of
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scholastic aptitude. For OTAC Total scores the Theoretic-
- Immediate scales (whether 4-, 9- or 1l2-point) discriminate
best in the score ranges of 20-26 for SATO Mathematics

and 29-52 for SATO Total Verbal. The 4-point Prudent-
Theoretic scales operates most effectively in the scoré
ranges of 13-19 for SATO Mathematics and 25-51 for SATO
Total Verbal. Unlike its 4-point counterpart, the 1l2-point
Prudent-Theoretic scale discriminates best in the score
range of 20-30 for SATO Mathematics and 20-28 for SATO
Total Verbal. 1In Figure: 4 and 5 it is seen that immediate
educational plans discriminates best in the score range of
0-19 for SATO Mathematics and 0-24 for SATO Total Verbal.

The discriminations on OTAC Totul score effected
by the variables ED PLANS 1, P~T 4 and T-I 4 range from
3.0 to 4.1 raw score points, that is, approximately from
.37 to .50 standard deviations.

Since the object of the present investigation is to
examine patterns.of achievement in chemistry (OTAC scorgs)
ana their relationship to personal, attitudinal, and environ-
mental factors (which have been segregated by the AID analy-
sis), it is now feasible to select for further consideration
those variables which may affect significantly the patterns
of achievement as measured by OTAC subtest scores. It is
recasonable to discard all independent variables shown to‘

be unimportant in the AID analysis; those variables of
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limited potential usefulness also may be climiunated since

they are overshadowed by the important variables detected

in the AID analysis. - Of the important variables we may g
convenieﬁtly confine our attention to those which were
selected in Run No. 1. Run No. 1l yielded the hidghest .i
overall percentage of variance explained by factors which

could be clearly identified. The factor of relative achieve-

ment (underachievement, normal achievement, overachievement) !
could not be included in the AID analysis, but is considered
in the analyses which follow. The variables thus selected

for further study comprise SATD Mathematics, SATO Total

Verbal, Educational Plans l, Theoretic-Immediate 4, Prudentf
Theoretic 4, and relative achievement; the influence of these

variables upon achievement profiles will now be considered.

Pattern Analysis

Preliminary Treatment of the Data

In the previous chapter it was proposed to use
residual scores rather than raw scores to form profiles.
The residual score is defingd as the observed score minus
the predicted score. One of the educafional hypotheses was
that OTAC scores would show substantial correlation with
SATO Total Verbal and Mathematics scores; the data shown in
Table 21 indicate that such is generally the case.

Regression equations may be calculated for OTAC Tote

scores and Taxonomy subtest scores using the formulas provided
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by Garrett (1953, p.392). Details of the procedure are

given in Appendix N.

TABLE 21

CORRELATIONS BETWEEN OTAC AND SATO SCORES

SATO Total SATO

Test Verbal Mathematics
OTAC Total Score . .5306 .5834
Taxonomy Category 1.00 .4393 .4339
Taxonomy Category 2.00 4331 .5255
Taxonomy Category 3.00 .4506 .5654
Taxonomy Category 4.00 .3236 .2895
SATO Total Verbal -~ .4907

The regression equations take the following form

when two predictor variables are used:

A
Xl == b2X2 + b3X3 + C

where 1 is the predicted score
is the first predictor variable
is the second predictor variable

and X

and b, are regression coefficients for X2 3

2 3
respectively
C 1is a constant.
A program was written by the present writer to
. compute regression coefficients, constants, prcdictea scores,

and residual scores for each of the 2,248 students for whom

SATO scores were available. The following are the regression
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equations obtained:

For OTAC Total score . X =0.3145 V + 0.6085 M + 6.6539
Taxonomy Category 1.00: R = 0.1254 V + 0.1770 M + 3.4525
Taxonomy Category 2.00: ‘§'= 0.0644 V + 0.1683 M + 0.7224
Taxonomy Category 3.00: R = 0.0710 V + 0.2066 M + 0.8285
Taxonomy Category 4.00: X = 0.0537 V + 0.0566 M + 1.6509

in each case X is the predicted score
V is the SATO Total Verbal score
M is the SATO Mathematics score.

Once all residual scores had been computed, they were
arranged in fredquency distributions, normalized, and stan-
dardized by means oﬁ'a computer program written by the pres-
ent writer. The normalization section of the program used
two function subprograms developed by Dr. J. C. Ogilvie of
the Department of Mathematics, University of Torcento, to
calculate the standard score, given the proportion of the
total area under the normal probability curve. The normal-
ized standardized residual scores were expressed as T scores
which have a mean of 50 and a standard deviation c. 10
(Guilford, 1956, pp.494~500).

The final step in preparing the data for Haggard'é
method of pattern analysis was to stabilize the normalized
étandardized residual scores for the four subtests by divid-
ing'these scores by their respective standard errors of

measurement. The standard errxor of measurement is given

by the formula
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'e'meas = OtV 1- Tt
where S'e'meas i1s the standard error of measurement
o% is the standard deviation of the test or subtest
Tt is the test-retest reliability of the test

oxr subtest.
In Haggard's method cf patte;n analyéis Tt must not be
estimated from the data being analyzed (Haggard, 1958, pp.
104-108) ; the value of r, . used in the present case is the
test-retest reliability obtained by correlating the OTAC
Total scores and subtest scores obtained in the test-retest
administration which was conducted separately from the main
OTAC administration.

Since the scores to bé stabilized are residuals,
that is, scores with the SATé Total Verbal and Mathematics
components removed, and the test-retest standaxd deviations
and reliabilities were computed from raw scores with these
components not removed, adjusted values of the standard.
deviations, the test-retest reliabilities, and hence the
standard errors of measurement, ought to be employed in.
stabilizing the residual score.5 The procedure for adjust—
ing the test-retest reliabilities, and standard errors of
measurement is deséribed in Appendix N. Adjusted values

were used in the profile analysis; 'these values are listed

in Table 22.

bThe writer is indebted to Dr. Ross E. Traub for
suggesting the appropriate adjustment.
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TABLE 22

COMPARISON OF ORIGINAL 4.2 ADJUSTED STANDARD
ERRORS OF MEASUREMENT

T-score Value, T-score Value,

Orégiﬁzl Not Adjusted Adjusted for
Test Based on for Presence Presence of
Raw Scores of SATO SATO
- Components Components

OTAC
Total score 3.440 -- -
Taxonomy
Category 1.00 1.942 5.550 5.815
Taxonomy
Category 2.00 1.345 5.788 6.986
Taxonomy
Category 3.00 1.385 5.339 6.906
Taxoromy
Categoxy 4.00 1.547 8.276 9.058

A computer program written by the presen'. investi-
gator produced the adjusted standard errors oi measurement.
In the pattern analysis, to be described shortly, T scores
were used as input, and the division by the adjusted values
of the standard error of measurement was performed as the
first step.

Definitions of Overachievement, Under-
achievement, and Normal Achievement

Differences hetween obtained and predicted scores
are used to gauge the relative achievement of students; for
exaﬁple, an individual is considered to be an underachicver
when his obtained score is iower than his expected (predicted)

score by a predetermined (and usually arbitrary) amount. In
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the present study the differences (residuai scores) have
been calculated and arranged in a frequency distribution;
overachievers and underachievers may be considered to be
those students whose residual scores lie toward the extremes
of the distribution. Arbitrary diviaing lines must be
selected, and in the present research it was decided to
consider as over- and underachievers those students whose
residual scores on the total test f£ell outside the range
Z£0 (that is, plus or minus one standard deviation f£rom the
mean) . This criterion of over- and underachievement is
similar to that proposed by Thorndike (1963, p.63).

In terms of T scores, normal achievers thus have
residual scores on Total OTAC falling in the range 40-60;
underachievers have scores below 40 and overachievers have
scores above 60. Since the residual scores are normalized,
overaéhievers comprise approximately the uppermost one-sixth
of the distribution and undcerachievers the lowest one-sixth.

Methods of Forming Groups
for Analysis

With the use of residual scores in the profile
analysis, the immediate educational plans of the student
and the Theoretic-Immediate and Prudent-Theoretic scales of
the Inventory of Choices are left as variables useful in
identifying groups of~students. The AID program isolated
groups in which these variables acted most selectively.

Two methods of forming groups for profile analysis ware used.
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One method was to analyze groups selected by the AID pro-
gram and broken into subgroups on the basis of the three
variables mentioned. The other method was to stratify

all students as under-, over—, or normal achievers and to
examine, within these sfrata,groups based on the three

variables referred to above.

The Decision Process

The statistical hypotheses have been discussed in
Chapter III (pp.l1ll1-113). The decision process followed
in conducting the analysis may be summarized conveniently
in the flow-chart of Figure 9; in the analysis of each sub-
group tﬂé procedure followed is that indicated in the upper

. half of Figure 9.
Where two or more patterns were identified, the

profiles forming the patterns were pooled and analyzed as

indicated in the lower half of Figure 9.

The Program

Two decks of cards containing stabilized scores
were created; one deck was sorﬁed to retrieve AID groups
No. 4, 11, and 12 of Run No. 1 (see Figure 4), while the
other deck was sorted into relative achievement groups.
FEach group was re-sorted into subgroups on the basis of
immeaiate'educational plans, Prudent-Theoretic score, or
Theoretic~Immediate score.

A two-way analysis of variance forms the essential
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Does one_group have a pattern? If yes, what kind?

(1), -
HO : RP = 0
FCk Fck not
significant significant
Accept. R, = 0 Reject. Ry, £ 0
Pattern Mixed or Incon- Pattern Parallel or
gruent, i.e. no pattern Congruent
in conventional sense ’
H®: p =0
0 A L
F. not Fo
significant significant
Accept. D = 0 Reject. Dy, £ 0

Pattern Congruent Pattern Parallel

If patterns exist among two or more groups, are patterns different

or same? If same, what kind?

Pool all Profiles

(3! -
HO : RP =0
Fck Fck not
significant significant
Accept. R, = 0 | Reject. R, # 0
Patterns Different Patterns Alike
in shape in shape
(4)! -
HO : DL = 0
FL not FL
significant significant
Accept. D =0 Reject. D £ 0

Patterns Congruent Patterns Parallel

Fig. 9. Decision Process [Flowchart
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part of Haggard's method of pattern analysis; a computer
program was written by the present writer, incorporating
the AN@GVA Library Tape Subroutine written for the IBM 7094
by Dr. J. C. Ogilvie. Since individual students' mean
scores were not required for pattern analysis, the calcu-
lation of these was suppressed. Identification of non-
significant interaction F's was facilitated by the fact
that these were numerically equal to the interaction mean
squares, since stabilized scores were used as input.

The pattern analysis program made one iteration on
each subgroup and then made iterations on combinations of

subgroups. All four categories of the Taxonomy were in-

cluded in the first profile analysis; a further analysis
was then made on the four categories considered three at

a time.

Results
The pattern analysis computer output provides an
analysis of variance table for each group and subgroup
studied. Where congruent or parallel patterns emerge across
a complete group, the relevant analysis of variance table
will be found in Appendix I. In this section check charts
and summary tables are used as a condensed form of the

information found in Appendix I.

Groups Selected by the AID Program

Inspection of the check chart (Table 23) shows that,

- - - - - PR - - . [ - “—— . P T T .. FE T e e
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no congruenk or

parallel patterns emerge across all subdivisions of any

of the groups selected by the program.

TABLE 23

CHECK CHART OF SIGNIFICANT PROFILE SIMILARITIES
FOR GROUPS SELECTED BY THE AID PROGRAM

Subgroup Entire
1 2 Group
(Subgroup (Subgroup (Subgroups
. Tz".“’m‘;‘{.o GACI)g with lower with higher 1 & 2
ontiguration roup mean sScOore mean Score combined)
on OTAC on OTAC
. Total) Total)
1234 T-I 4
. P-T 4
ED PLANS 1
123 T-1 4
P-T 4
ED PLANS 1
1 2 4 T-I 4
P~-T 4
ED PLANS 1
13 4 T-I 4
P-T 4
ED PLANS 1
2 34 T-I 4
P~-T 4 a
ED PLANS 1 X X X

aRP significant at .05 level.

When profiles consisting of only three subtests are

considered,

terns emerge across a whole group. In this case,

in only one case do congruent or parallel pat-

profiles
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con:isting of Categories 2.00, 3.00, and 4.00 ‘show con-
gruent or parallel patterns in the AID group selected

on the basis of immediate educational plans. Analyses

. for the two subgroups alone and in combination are pre-

sented in Table 24.

TABLE 24

SUMMARY OF PATTERN ANALYSES FOR AID
GROUP ED PLANS 1

Group n Fck P RP o) FL o)
lﬁ Not intending to
complete Grade 13 431 1.21 .83 .05 .2.07 .001
2. Intending to
complete Grade 13 419 1.20 .83 .05 2.37 .001
3. Groups 1 and 2 -
combined 850 1.20 .83 .05 2.26 .001

In group 1 the interaction F (Fck) is not signifi-
cant and leads to rejection of the first null hypothesis
for that group. It is concluded that the profiles in group 1
form a definite pattern. The F for the differences in level
(FL) is significant, allowing a rejection of the second null
hypothesis.for group 1. Thus it is concluded that the pat-
tern for group 1 is parallel rather than congruent. Similar
results lead to similgr conclusions for group 2.

When groups 1l and 2 are pooled, the interaction F is
found to be not significaﬁt, leading to a rejection of the

third null hypothesis; it is then concluded that the two pat-
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terns are of similar shape. The F for the differences in
level is significant, allowing a rejection of the fourth
null hypothesis; thus it is concluded that the two patterns
of profiles are rarallel rather than congruent.

It is seeu therefore that two patterns of similar
shape but differing in level emerge from that portion of the
total group which is most sensitive to selection on the basis
of immediate educational plans; a noteworthy characteristic
of this group is that it is that portion of the total OTAC
group whose SATO Total Verbal score is below 25 and whose
SATO Mathematics score is below 20.

The patterns of the two groups are plotted in Figure 10

Groups Stratified on Relative Achievement

In contrast to the pattern analysis just deséribed,
which was berformed on selected groups of students isolatéd .
by the AID Program, the following analyses involved all
students for whom residual scores could be calculated. The
factor Educational Plans 1, which has only two effective
categories, was used to dichotomize overachievers, normal
achievers, and underachievers separately. The Theoretic-
Immediate and Prudent~Theoretic scales (each consisting of
four categories) were used to subdivide each ciassification
of relative achievement. The resulting unit categories
were analyzed separately by the pattern analysis program.
In the case of the Inventory of Choices scales, a dichotomy

was effected later in the program by pocling appropriate

Hrman mrn e e
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-6 - e e e w2 ome INtending to complete
Grade 13
> Not intending to
complete Grade 13
8l
p= B D ewp l’n"n it -"
7__ &
6_-
o 57T
Y]
Q
4 .
9] 4T+
&)
3--
2——
l.-..
2. 3 4

Taxonomy Category

FIG. 10 - Patterns of AID groups with Differing
Immediate Educational Plans
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categories in pairs; the combined categories were then pat-
tern analyzed. All four Taxonomy categories were included
in the pattern analysis and then combinations of- three of
the four categories were studied.

Reference to the check charts (Table 25, 26, and 27)
shows that patterns did not emerge throughout an achievement

classification when all four Taxonomy subtests were analyzed

together. When combinations of four subtests taken three at
a time were analyzed, patterns emerged across all categories

only when Taxonomy Categories 2.00, 3.00, and 4.00 consti-

tuted subtests in the profiles, and then only for under-
achizsvers and overachievers in the Theoretic-Immediate sub-
divisions, and for overachievers in the Prudent-Theoretic
subdivisions. The immediate educational plans subdivisions
contained no congruent or parallel pattérns aéross both

categories in any Taxonomy configuration.

In the pattern analysis tables which follow, in
every case profiies and patterns consist only of subtest

scores in Categories 2.00, 3.00 and 4.00 of the Taxonomy .

Table 28 and 29 contain the apalyses of the under-
achieving and overachieving groups of students falling into
each unit category of the Theoretic-Immediate Scale.

In none of the eight unit categories is the inter-
action F significant; the first null hypothesis is therefore

rejected in each case. The F for the difference in level
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TABLE 25

CHECK CHART OF SIGNIFICANT PROFILE SIMIILARITIES
FOR THEORETIC-IMMEDIATE GROUPS

. Theoretic-Tmmediate Score

Taxonomy

. - ' Group 4-point Scale Dichotomized Scale
Configuration | 0 1 5 3 0 & 1 5. & 3
1 2 3 4 Underachievers ’
Achievers 3
Overachievers X X , X
1 2 3 Underachievers X
Achievers
Overachievers X X X
1 2 4 Underachievers X X
Achievers
Overachievers et X X X
1 3 4 Underachievers X
Achievers .
Overachievers X X X
2 3 4 Underachievers X X X X X X
Achievers X
Overachievers X X X X X X

°R, significant at .05 level.
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TARLE 26

CHECK CHART OF SIGNIFICANT PROFILE SIMILARITIES
FOR PRUDENT-THEORETIC GROUPS :

Prudent~Theoretic Score

Taxonomy' ; : :
. . Group 4-point Scale Dichotomized Scale
Configuration ) 0 1 5 3 0 & 1 5 & 3
1 2 3 4 Underachievers .Xa
Achievers
Overachievers X X X X
1 23 Underzchievers X
Achievers
Overachievers X X X
12 4 Underachievers X X X
Achievers
Overachievers X X X X
1l 3 4 Underachievers X
Achievers
Overachievers X X X X
2 3 4 Underachievers X X X X
Achievexrs X
Overachievers X X X X X X
a

RP significant at .05 level.

a— - S e Y
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TABLE 27

CHECK CHART OF SIGNIFICANT PROFILE SIMILARITIES
FOR IMMEDIATE EDUCATIONAL PLANS GROUPS

ED PLANS 1 Subgroup
Not Intending Intend to
to Complete Complete
Grade 13 Grade 13

Taxonomy

Configuration Group

—— < -

1 23 4 Underachievers Xa

Achievers
Overachievers ‘ X

1 2 3 Underachievers
Achievers
Overachievers X

1 2 4 Underachievers X
Achievers
Overachievers X

1l 34 Underachievers
- Achievers
Overachievers X

2 3 4 Underachievers X
Achievers
Overachievers ' X

aRP significant at .05 level.

PR - atnn o e o e e e e e e —— o o ——
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is not significant for any of the cight unit categories;
the second null hypothesis is therefore rejected in

each case.

TABLE 28

SUMMARY OF PATTERN ANALYSES
OF UNDERACHIEVERS

Theoretic-Immediate n Fck jo) RP p FL P

_ Score
0 56 1.15 .87 .05 1.22
1 112 1.13 .88 .05 1.18
2 . 5 1.10 .91 .05 .86
3 21 1.26 .80 .05 .91
TABLE 29

SUMMARY OF PATTERN ANALYSES |
OF OVERACHIEVERS |

—

Theoretic~-Immediate n Fck P RP p FL P

_Score
0 26 1.31 .77 .05 .70
1 93 1.06 .95 .05 .96
2 100 1.22 .82 .05 .99

3 ' 58 1.02 .28 .05 1.04 |
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Thus it is seen that for underachievers and over-
achievers each score category of the Theoretic-Immediate
scale contains a congruent patterﬁ of profiles made up
of scores on Catégories 2.00, 3.00, and 4.00 of the

Taxonomy .

When the Theoretic-~Immediate scales were dichoto-

mized, the results were as shown in Table 30.

TABLE 30

SUMMARY OF PATTERN ANALYSES—DICHOTOMIZED
THEORETIC~IMMEDIATE SCALE

Theoretic-
Group Immediate n . F p R P F_ ' p
Scores ck P L
Underachievers 0 & 1 168 1.14 .88 .05 1.19
2 & 3 80 1.13 .89 .05 .86
Overachievers 0 &1 119 1.13 .88 .05 .91
2 & 3 158 1.14 .88 .05 1.01

In all four combined categories each interaction F
is non-significant, leading to rejection of the third null
hypothesis for each paired group. The F for the differences
in levels in each case is also non-significant, leading to
acceptance of the fourth null hypothesis for each paired
group.

Thus it is seen that for both underachievers and -
overachievers each half of the Theoretic-Immediate scale
contains a congruent pattern of profiles made up of scores

on Categories 2.00, 3.00, and 4.00 of the Taxonomy.

P S e
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It now seems reasonable to ask, "Do all under-
achievers having a Theoretic~Immediate score have the same
pattern?" and "U'o all overachievers having a Theoretic-

Immediate score have the same pattern?” To answer these

questions the profiles of these underachievers were compbined -

and analyzed; treated similarly were the profiles of these

overachievers. The results are presented in Table 31l.

TABLE 31

SUMMARY OF PATTERN ANALYSES OF ALIL UNDERACHIEVERS AND ALL
OVERACHIEVERS HAVING A THEORETIC-IMMEDIATE SCORE

Theoretic~
Group Immediate n FCk P RP P FL o
. Score o
Underachievers 0, 1, 2, or 3 248 1.15 .87 .05 1.08
Overachievers 0O, 1, 2, or 3 277 1.13 .88 .05 .96

Inspection of Table 31 shows that both interaction F's
are not significant, leading to a rejection of the third null
hypothesis. The F's for the differences in levels likewise
are not significant, leading to acceptance of the fourth null
hypothesis. |

It is thus concluded that for Categories 2.00, 3.00,
and 4,00, the profiles of all underachievers have a congruent
pattern regardless of Theoretic-Immediate score, and that the
corresponding profiles of all overachievers have a congruent

pattern regardless of Theoretic-Tmmediate score.
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The underachievers and overachievers for whom
Theoretic—-Immediate scores were obtained are subsets of the
underachievers and overachievers in the sample studied. Do

these subsets have congruent patterns by virtue of their

having a Theoretic—-Immediate score, or is the congruencé

a characteristic of all underachievers and overachievers?

To answer this question a pattern analysis was performed on
all underachievers in the sample and also on all overachievers
in the sample. The results of these two analyses are found

in Table 32.

TABLE 32

SUMMARY OF PATTERN ANALYSES OF ALL
UNDERACHIEVERS AND ALL OVERACHIEVERS

SAESRARGE YT T g

Group n FCk o RP P FL p
All Underachievers 312 1.20 .83 .05 l1.16
All Overachievers 337 1.15 .87 .05 0.93

Examination of Table 32 shows that both interacfion
F's are not significant, allowing a rejection of the third
null hypothesis in each case. The F's for the differences
in levels likewise are not significant leading to acceptance
of the fourth null hypothesis for each group.

It is thus concluded that all underachievers, regérd—
less of whether or not they could be classified along the
Theoretic—-Immediate continuum, have profiles which form a
congruent pattern. The same conclusion is drawn for all

overachievers in the sample.

e eh e -
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The question, "Do the patterns of underachievers
and overachievers have the same shape?” now presents itself.
To answer this question the profiles of all underachievers
and overachievers were pooled and analyzed; Table 33 presents

the results of that analysis.

TABLE 33

SUMMARY OF PATTERN ANALYSIS OF ALL UNDER-
ACHIEVERS AND OVERACHIEVERS COMBINED

noo Fg p Rp P Py P

649 1.27 .025 6.59 .001

The interaction F is significant at the .025 level
leading to an acceptance of the third null hypothesis.
Thus it is concluded that while all underachiévers have
similar profiles and all overachievers have similar profiies,
the shape of the underachievers' pattern is not the same as
that of the overéchievers. Similar conclusions were reached
for the Theoretic-Immediate subsets of underachievers and
overachievers (Table I-21, Appendix I). The patterns of
underachievers and overachievers are plotted in Figure 11l.

Since it has been shown that underachievers or over-

achievers who could be classified along the Theoretic—-Immediate

continuum have the pattern characteristics of all underachievers

or all overachievers, it hardly seems necessary to repeat

here the summary analyses and accompanying comments for
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overachievers for whom a Prudent-Theoretic score was
obtained; Appendix I has the relevant tables. for these
groups. It should be noted however, (Table 26), that

the Prudent-Theoretic subset of underachievers does not
retain the congruence of pattern possessed by all under-
achievers. The classification of underachievers along
the Prudent-Theoretic continuum results in profiles not
forming congruent or parallel patterns in some categories.

Dichotomizing the underachievers or overachievers
according to immediate educational plans (Table 27)
reveals a lack of congruent. or parallel patterns across
the resulting groups.

The consistently congruent patterns appearing in
all Theoretic—Immediate'categories for both underachievers
and overachievers suggests a further investigation. One
other way of combining unit categories exists. It may
be asked, "Do the underachievers and overachievers having
a similarx Theorefic~Immediate score possess patterns of
similar shape?" To answer this dquestion the appropriate
groups of underachievers and overachievers were pooled
and analyzed. The results are presented in Table 34.

In the work that follows the present writer uses
"non-normal achievers" and "combinations of underachievers

and overachievers”" synonymously.



199

TABLE 34

SUMMARY OF PATTERN ANALYSES OF COMBINATIONS OF
UNDERACHIEVERS AND OVERACHIEVERS HAVING
THE SAME THEORETIC-IMMEDIATE SCORE

Theoretic~Immediate n Fck o) RP P FL <
Score
0 82 1.22 .82 .05 5.62 .001
1 205 1.22 - -82 .05 6.55 .001
2 159 1.25 .05 5.71 .001
3 79 1.16 .86 .05 5.18 .001

In three of the four groups the interaction F-is not
significant, leading to rejection of the third null hypothe-
sis; in these groups the F's for differences in level are,
of course, significant, leading to rejection of the fourth
null hypothesis. For the group.with a Theoretic—~Immediate
score of 2 the third null hypothesis is accepted.

It is thus seen that when underachievers and over-
achievers in any'Theoretic—Immediate category are compared
for each extreme group in the Theoretic~-Immediate continuum
the two patterns are of the same shape although they differ
in level. One moderate group of overachiecvers and under-
achievers combined has patterns of a common shape but the
other group has not.6 The patterns of each extreme group of
underachievers and overachievers are plotted in Figure 12.

It may also ﬁé considered whether both extreme groups

of underachievers and overachievers combined have patterns of

6The two moderate groups of non-normal achievers thus
cannot be studied together and are not considered furtler in
this analysis.
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the same shape. Combining underachievers and overachievers
from Theoretic—~-Immediate score categories 0 and 3, and
analyzing this combined group yields the results shown in
Table 35.*

In Table 35 the interaction F is significant at
the .05 level. For the combined group the third null

hypothesis may be accepted.

TABLE 35

SUMMARY OF PATTERN ANALYSES OF THE COMBINATION OF
UNDERACHIEVERS AND OVERACHIEVERS WITH EXTREME
THEORETIC-IMMEDIATE SCORES

. Theoretic-

Group Immediate n F p R p F P
Score ck P L
Extreme 0 & 3 lol 1.26 .05 6.61 .00l :

e It is thus concluded that the two extreme groups !
of.non—normal achievers do not have patterns of similar
shépe.
Thus far the analysis of patterns has been con-
cerned only with the first four hypotheses as delineated
in Figure 9. Testing of the f£ifth, sixth and seventh
hypotheses will be undertaken now for those patterns which

have been found congrueht or parallel.
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Differences Between Means

Congruent or parallel patterns emerged from the

ED PLANS 1 group selected by the AID program, from under-

achiever and overachiever groups, and £rom compined under-

-achiever and overachiever (or "non-normal achiever")

groups which had Theoretic-Immediate scores of 0, 1, or 3.

Since in -none of these cases did Taxonomy Category 1.00

subtest scores contribute to consistent patterns, the
£fifth null hypothesis

M, =M now reduces to

(5) .
Hy s My =M, 3 4

|
=
I

(5) _ -
Ho 't M, = My =M,

-

For the same reason the sixth null hypothesis now becomes

2, 3

Hé6): M, =M, ; i# 3, i
1 J i+1,..., 4

j

TABLE 36

AMONG~SUBTESTS F'S FOR GROUPS HAVING CONGRUENT OR
PARALLEL PATTERNS ACROSS CATEGORIES
2.00, 3.00, AND 4.00

df = 2,182
Group Subgroup FC jo
AID ED PLANS 1 Not intending to

complete Grade 13 31.4.82 001

Intending to
complete Grade 13 343.71 .001

All Underachievers ' 109.48 .00L
All Overachievers 487 .51 .001
Underachievers Highly Immediate 32.67 .001

and Overachievers
Combined Highly Theoretic 89.92 .001

1ot osrm momtme oo e o mre—
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The data in Table 36 reveal that for each group
the fifth null hypothesis may be rejected at the .00l level.
The significance of the differences between.pairs of means
may now be tested. For this purpose the studentized
range statistic (Winer, 1962, pp.77-85) is suitable.
The studentized range statistic, g, is defined by
M., - M,

X 1
RMS/n

q=

where Mi and Mj are treatment means
RMS is the residual (error) mean squére
and n is the number of observations in each treatment
group.
~Since the residual mean square is unity in Haggard's
method of pattern analysis, the above equation may be

rewxritten as

M, - Mj = qv/1l/n

Using q gq (k,f) .to designate the 99th percentile point on
the g distribution, with kX = number of treatments and
f = degrees of freedom for RMS,

M, - M,|2 d g9 (k,£) v1/n

if i ]

the difference between the two means is significant at the
.01 level. A similar statement may be made for the .05
level of significance using 9q 95 - The results of testing
the sixth hypothesis for ecach pair of means for each group
are presented in Table 37. In this instance k = 3, £ = 182,

(3,182) = 4.12, and ¢ 5 (3,182) = 3.31.

9,99 .9




TABLE 37

‘DIFFERENCES BETWEEN PAIRS OF MEANS IN GROUPS
HAVING CONGRUENT OR PARALLEL PATTERNS ACROSS
3.00, AND 4.00

CATEGORIES 2.00,

203

Pair of Difference of Means
Means
Group Subgroup n i j Critical Values | Observed
: aqf1/n lMi - Mjl
.01 .05
AID ED PLANS 1 |Not in-  [431 3 | .1985 1594 | .0401
tending to . g
complete 4 1.6061%
Grade 13 3 4 1.6462%%
Intending [419 2 3 .2013 1617 .1264
to com- %
plete 2 1.6523%
Grade 13 -3 4 1.7787%%*
All ) :
Underachievers 312 3 .2332 .1874 .0853
1.0789%%
3 4 1.1642%%
All
Overachievers 336 2 3 .2248 .1806 .1809%
2.1336%%
4 2.3145%%
Non-normal Highly 82 3 .4550 .3655 .2599
Achlevers. Immediate 4 1.3143%%
(Underachievers
and Over- 4 1.0544%%
achievers :
Combined) I'ighly 79 | 2 3 .4635 .3724 .3741%
Theoretic 1.7794%%
4 2.1535%%

**significant at the .0l level

* significant at the

.05 level
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Inspection of Table 37 reveals that the sixth null
hypothesis may be rejected at the .01 level of significance
for all pairs of means.which include Category 4.00, and at
the .05 level for two pairs of means embracing Categories
2.00 and 3.00. It is thus concluded that significant
differences in means exist between Categories 2.00 and 4.00
and between Categories 3.00 and 4.00: No significant
differences exist betwécn the means of Categories 2.00 and
3.06 except for overachievers and for highly Theoretic
non-normal achievers.

The proposed alternative hypotheses to H(S) may now
be restated as: |

Hés): M2 > M3 > M4
HéS): Mé > M3 > M4
AP RS e

None of these alternative hypotheses can be accepted. Groups

identified as Prudent were seen to have consistently congru-

ent patterns only as overachievers. Groups identified as

Immediate or Theoretic likewise demonstrated consistently

congruent patterns only as underachievers or overachievers.

Reference to Figures 1l and 12 and Table 37 shows that in

all cases at least one step between subtests either was in

a direction oppositekto that hypothesized or was not significant.
It does not seem feasible to formulate, a priori,

meaningful alternate f£ifth hypotheses for the AID ED PLANS 1

groups or for the underachiever—-overachiever groups.
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The seventh null hypothesis c¢f the form

(7)., 7 -
Ho'': My = My

can be tested by computing F. for each pair of pétterns

L
concerned. Suitable alternative hypotheses are the following:
Hip) s Myg > Moo qs
HéZZOA: Mop > Mgy
Hé;): ﬁf >‘MI (for non-normal achievers only)

Values for F. are reported in Tables 24, 33 and 35.

L
In each case FL is significant at the .00l level and leads
to rejection of the corresponding seventh null hypothesis.
The alternative hypotheses are accepted. The first two
alternative hypotheses have been included for the sake of
completeness: the difference in level between the two

ED PLANS 1 groups has been established by the'AID program;
the difference in level between underachievers and over-

achievers follows by definition.

The two bropésed alternate hypotheses

(7)., = =
Hop 2 Mg > My

(7)., = =
Hpp 't Mp > My
cannot be considered further since it is pointless to test

their corresponding null hypotheses.7’8

7All Prudent-Theoretic classifications of overachievers
were shown to have the same pattern (Table I-34, Appendix I).
Reference to Table 26 shows that some Prudent-Theoretic classi-
fications of underachievers did not form congruent or parallel
patterns and therefore the desired comparisons of grand means
of patterns cannot be made.

8No attempt was made to investigate patterns involving
Prudent-Immediate classifications since this variable was
shown by the AID analysis to be relatively ineffective.




® ” -

206

It is seen that the overall or pattern mean of
the AID group intending to complete Grade 13 is signifi-
cantly higher (0.2489 S score units) than the overall
(grand) mean of the group not intending to complete Grade
13. The overall mean of the highly Theoretic non-normal
achievers is significantly higher (1.2815 S score units)
than the pattern mean of their highly Immediate counter-
parts. As must be expected, the overall mean of over-
achievers is significantly higher (2.7219 S score units)
than the grand mean of the underachievers.

The difference in pattern means of the two AID ED
PLANS 1 groups is significant but small. On the other ﬁand
the difference in pattern means for the two non-normal
achiever groups is approximately one half the difference found
between the pattern means of overachievers and underachievers.

The common pattern of overachievers shows a peak at
Category 3.00; the same effect is found in that group of

non-normal achie&ers which is highly Theoretic. In any

- other group there is no significant difference in the means

of Categories 2.00 and 3.00.

All patterns in Figures 10, 11, and 12 show a sub-
stantial drop from Category 3.00 to 4.00. While the
relatively large standard error of measurement of subtest 4
must account for a considerable part of this effect, it is
important to note that for overachievers (Figure 11 and

Table 37) the drop is approximately twice that of the under-
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achievers. In a similar manner, for highly Theoretic
underachievers and overachievers (Figure 12 and Table 37)
the drop is about twice that of their highly Immediate

counterparts. One should note also the similarities in

the patterns of overachievers and highly Theoretic non-’

normal achievers, on the one hand, and the similarities in
the patterns of underachievers and the highly Immediate
non~normél achievers, on the other.

Comparison of Findings with Those
of Similar Studies

While the present study appears to be the only one

reported to date in which the Taxonomy was used to form

achievement profiles, a number of findings which emerge
in the present research merit comparison with those of
related studies which concern (a) tests constructed

according to the Taxonomy, (b) factors related to the

achievement of specific objectives of high school chemistry,

and (c) the Inventory of Choices.

Taxonomy-type tests

McFall (1964) and McGuire (1963b) obtained low
correlations bétﬁeen subtests which were constructed to
measure specific cognitive objectives, and considered
that these low correlations indicated that the subtests
were measuring diffefent abilities. In the present study
the subtest intercorrelations were not generally as low
as those reported by McFall or McGuire, possibly because

the present writer attempted to equalize difficulty over

o e e e o e
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subtests; the three OTAC subtests whose intercorrelations
were more or less uniform (.54-58) were also alike in
difficulty (.42-48). The correlations of the Category
4.00 éubtest to the other'three subtests were noticeably
lower (.39-41) and that subtest was also more difficult
(.33) than were the others.

The above findings contrast sharply with those of
Schmitt et _al. (L966) where all intercorrelations were
higher than .80. The work of K. Anderson (1949), and
Porter and Anderson (1959) may be considered taxonomié
in intention; however, their categories'are more broadly

defined than those of the Taxonomy and on analysis each

category is seen to include more than one Taxonomy level.

The subtest intercorrelations in both these studies
generally were somewhat higher than observed in the
present study, but not as high as those reported by
Schmitt et al. ;
The tendency of "the subtest correlation matrix to
approach a simplex was noted by McGuire. Thomas (1965)
reported the emergence of a simplex, as does the present
study. Stoker and Kropp (1964) obtaiﬁed a number of
simplexes in their analyses. Generally, the simplex
model is apwroached by matrices in which the taxonomic
level does not exceed Category 4.00.
Low subtest reliabilities seem.to be character-

istic of Taxonomy subtests so far reported. Foxr

Categories l.OO~3.00)Herron (1966) reported reliabilities

e
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of about the same magnitude as those given in the present
study. Herron found Category 4.00 reliabilities to be
the lowest, as did the present investigator. Herron also
reported that the reliabilities of June Anderson's (1964)
taxonomy—-type test were low. Herron's overall test
reliability was approximately the same as found in the
present study. In contrast, K. Anderson's quasi-taxonomy
subtests generally had much higher reliabilities, (.76-.89)
although one subtest (acquisition of scientific attitudes)
had a much lower reliability than the others. Porter

and Anderson's reliabilities were also higher than those
of the present study.

Ayers (1966) mentioned the desirability of longer
tests; the present study has shown that longer subtests
would likely result in substantial improvement in test
reliability.

The studies of relationships of specific cognitive
objectives to intelligence or scholastic aptitude show
some interesting results. McFall found that his knowledge
subtest correlated more highly with IQ than did the sub-
test measuring higher cognitive abilities. Thomas (1965)
found a decreasing correlation of IQ with increasing
taxonomic level, and an increasing correlation of reason-
ing scores with taxonomic level.

The present study found no such monotonic rela-
tionship, possibly because verbal and mathematical com-

ponents of scholastic aptitude were measured separately;
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however, Category 4.00 showed much lower correlations
with the two SATO scores than did the three other
categories.

Anderson (1949) found higher correlations of all
subtests with IQ except for the scientific attitude sub=-
test where no significant correlation was observed. |

Porter and Anderson (1959) found all subtests
correlated equally well with IQ.

Factors Related to
High School Chemistry Achievement

The findings of the study by Anderson (1949, 1950)
afford some interesting comparisons with the present
study. In the present study the relaticnship of many
variables to chemistry achievement was investigated by
means of the AID program. Botﬁ studies found that chem-
istry achievement was significantly related to the
educational plans of the student, but not to the sex or
age of the student. The number of teacher preparations
generally did not show a relationship to student chemistry
performance in either study. On the other hand, Anderson
found larger class size, experience of the teacher, use
of a laboratory manual, and the number of college Chem-
istry o? science credits held by the teacher to be

positively related to student chemistry achievement.9

9In this comparison the factor of teacher qualification
was approximated by using the Ontario Secondary School
Teachers' Federation categories assigned to teachers in
Ontario. Category 1 represents the lowest certifiable
gqualification and category 4 the highest.

T SELI.enGe B SXCBENRERES § X H
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Such relationships were not observed in the present study -
the AID program found that such variables made unimportant
contributions to the explainable variance of OTAC total
scores when other (better) explanatory variables were

available.

The Inventory of Choices

The presént study reveals some findings concerning
the Inventory of Choices and its relationship to chemistry
achievement. The main findings are mentioned here and
other findings are reported in Appendix K..

In the comments that follow, it must be kept in
mind that most of the studies reviewed used grades or
‘marks assigned by teachers as the criterion variable; the
data collected in the present study include both teacher
marks and objective test scores. The comments concerning,
the present study refer only to results involving the
objective test scores. Teacher-assigned marks are treated
in Appendixes L énd M.

The usefulness of Inventory of Choices scales as
correlates of chemistry achievement was investigated by
the AID program. Two scales (Theoretic-Immediate and
Prudent-Theoretic) were shown to make important contribu-
tions to the explainable variance of the criterion in com-
bination with‘scholastic aptitude. The remaining Inventory
of Choices scales were shown not to function well in combi-
nation with the two important scales or with other (better)

predictors of chemistry achievement.
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The findings of the present study support the
findings of Edwards and Wilson (1958b; l959b); for ex-~
ample, the average chemistry score difference observed
by Edwards and Wilson (1959b) was about .34 o for the
Prudent-Theoretic scale, when IQ and pretest scores were
held constant, whereas the present study showed a differ-
ence of .37 o for the Prudent-Theoretic scale and .50 o
for the Theoretic-Immediate scale when SATO Mathematics
and SATO Total Verbal contributions to score variance
were accounted for separately. However, in the present
study  the effectiveness of the Prudent-Theoretic scale
was not as large as expected and the Prudent-Immediate
scale (édwards and Wilson, 1961) did hot compare well
with the Prudent-Theoretic or Theoretic~-Immediate scales
as discriminators.

The findings of Maykovich (1966) were supported
in part by the findings of the present study. Maykovich
observed that, from the ninth grade to the beginning of
the twelfth grade, a migration away from the Theoretic
pole took place. Reference to Appendix K shows that,
during the Grade 12 year, significant changes away from
the Theoretic orientation were made on the Theoretic-
Aesthetic and Theoretic-Immediate scales by the Grade 12
group studied in this research. The change on the Prudent-
Theoretic 4-point scale was also significant.

Maykovich reported that Prudent students showed

marked superiority over Theoretic students in all subjects
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except chemistry and-géometry. The ATD prégram revealed that
in certain ranges of scholastic aptitude, Theoretic students
were significantly superior to Prudent and Immediate students
in chemistry achievement, as measured by OTAC. An additional
finding was that in those ranges of scholasfic aptitude the
Prudent-Theoretic and Theoretic-Immediate scales were more
effective than any other explanatory variables tried. The
selectivi£y of the Prudent-Theoretic and Theoretic-Immediate
scales in certain ranges of scholastic aptitude has not been
reported previously.

If one assumes that the migration away from the
Theoretic pole has taken place over the high school years for
the samﬁie in this study, as well as in Maykovich's sample,'
the greater discriminatory effect of the Theoretic-Immediate
scale is readily explained: the group at the Theoretic pole
is enriched by the emigration of less successful students,
thus heightening the contrast in achievement between the
Theoretic and Immediate groups. This finding is consonant
with the theoretical structure of the Inventory of Choices:
the Theoretic-Immediate scale distinguishes between both the
social versus non-social orientation and the deliberative

versus non-deliberative orientation.

Summary and Discussion
of the Findings

The data presented in Table 4 show that, in the

sample tested, large variations occurred in the attainment
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of cognitive objectives. In Taxonomy Categories 1.00, 2.00,

and 3.00, scores obtained by students covered the entire
possible range of scores for each subject; in Category 4.00;
a l2-item subtest and the most difficult of the four, scores
from 0 to 10 were obtained. The relative dispersion of each
subtest has been noted in Appendix G; most scattering of
scores occurred in Category 2.00, with less in Category 3.00,
still less in Category 4.00, and least in Category 1.00.
Correlations between OTAC scores and SATO scores

(Table 21) show that scores in Categories 2.00 and 3.00 are

" more highly related to mathematical ability than to verbal

ability, whereas the reverse is true for scores in Category
4.00; scores in Category 1.00 are related.about equally to
both mathematical and verbal abilities as measured by SATO.
Correlations between SATO scores and scores in.Categories
1.00, 2.00, and 3.00 are substantial, while the correla-
tions between SATO and Category 4.00 scores are low.

' Reference to Appendix M shows that correlations
between OTAC Total score and final chemistry mark or final
average mark were substantial, as was the correlation
between OTAC Total scorxre and SATO scorés. Correlations
between OTAC subtest scores and SATO scores or teacher-
assigned marks were not as low as expected, except in the
case of Category 4.00 scores.

The cognitive abilities measured by the subtests of

OTAC show moderate correlation with each other (Table 8).
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Categories 1.00, 2.00, and 3.00 as a group show substantial
correlation with each other; on the other hand the correla-
tions between Category 4.00 and other subtests are notice-
ably lower.

The observations noted above suggest that the set of
abilities measured by Category 4.00 is somewhat anomalous,
whereas the other three Categories sharc properties in
common to a considerable extent. The much lower reliability
(Table 4) and larger standard error of measurement Of
Category 4.00 (Table 22) also point to its singularity.

The relationship between chemistry achievement, as
measured by OTAC, and a large number of personal, attitudinal,
and environmental factors was explored by means of the
Automatic Interaction Detector (AID) program. The major
finding in this area was that many of the variébles commonly
thought to influence chemistry achievement made no important
contribution (that is, in excess of 0.5%) to the explainable
variaﬁcé of the total chemistry score.

The bulk of OTAC variance explained was contributed
to by SATO Mathematics and SATO Total Verbal scores, with
the former outweighing the latter by a factor of more than
2.5. The remainder of the explainable variance was largely
accounted for by the school environment, immediate educational
plans of the student, and score on a Theoretic-Immediate
scale; small amounts of variance were explained by Prudent-

Theoretic scale scores, future educational plans, and best
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subject. Although a number of variables characteristic of
the teacher and school were investigated, none of these
accounted for the variance explained by the school environ-
ment. Lacking more precise information, one might for the
time being attribute this variation to the individuality of
the teacher, the school, or both teacher and school.

More than half of the observed variance remains
unexplained; such variance may be attributed to variables
which were not investigated, to individual differences,
and to "noise".

| The peculiar nature of Category 4.00 is further
attested_ to by its analysis by the AID program. No
variables other than SATO Mathematics and SATO Total
Verbal account for any important segment of the explainable
variance. The fact that only 12% of the variance is
explained by the SATO scores discourages one from concluding
that the abilities tested by Category 4.00 are merely
scholastic aptitude in its various forms.

A number of interactions were detected by the AID
program. The most frequent interaction seen in the AID trees
was SATO Verbal x SATO Mathematics, although this interaction
was not detected in the analysis of Category 4.00. Higher
order interactions invariably involved SATO Total Verbal x
SATO Mathematics. Some interactions which involved either
or both SATO variables were investigated indirectly in the
pattern analysis where residual scores were used. School

environment and future educational plans interacted with
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other variables bui were not considered in the pattern
analysis. The interactions involving future educational
plans occurred on the "twigs” of the AID tree and likely
would not contribute much to the explainable variance. The
school environment variable's elusive quality discourages
complicated analytical procedures; it should suffice to
record that SATO Total Verbal x School Environment and SATO
Mathematics x School Environment interactions were observed.
The interactions indicate that a complex situation remains
once the simple factors have been extracted.

The AID analyses indicate that few variables are
availablz for study in relation to patterns of achievement '
as defined in the present study. The application of
Haggard's pattern analytic techniques show that congruent or
parallel patterns of achievement profiles do not exist across

all four Categories of the Taxonomy for any groups, including

groups of under-, over-, or normal achievers for whom
Theoretic—Immediéte or Prudent-Theoretic scores were avail-
able, or for the same groups dichotomized with respect to
their immediate educational plans. The same is true for
those students who were isolated most selectively on these
variables by the AID program.

Only when profiles were restricted to Categories
2.00} 3.00, and 4.00 did congruent or parallel patterns
emerge, and then only for over- and underachievers, and for
the groups singled out by the AID program on the basis of

immediate educational plans.
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The two groups separated by the AID program exhibited
parallel patterns which differed in level by small buk
significant amounts. Students planning to complete Grade
13 had a pattern of slightly higher level than that of
students not intending to'complete Grade 13. A noteworthy
feature of these groups with paréllel patterns is their
below-average verbal ability and moderate mathematical
ability. When groups were formed on the basis of relative
achievement, pattern analysis revealed that normal
achievers did not have congruent or parallel patterns
across Categories 2.00, 3.00, and 4.00, either when con-
sidered as a single group or when grouped according to
Theoretic~-Inmediate scores, Prudent-Theoretic scores, or
immediate educational plans. On the other hand, congruent
or parallel patterns were found amongst overachievers and
underachievers when these were analyzed with reference to

their Theoretic-Immediate scores, and amongst overachievers

-when these were grouped according to their Prudent-Theoretic

scores. All underachievers had the same congruent pattern
regardless of Theoretic-Immediate score. All overachievers
had the same congruent pattern regardless of Theoretic-
Immediate score or Prudent-Theoretic score. However, the
patterns of underachievers and overachievers were not the
same in shape (and, of course, not the same in level) ;
overachicvers showed a significant increase in score from
Category 2.00 to Category 3.00 while underachievers did not.

In addition, the overachievers show a drop in score from
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Categoxy 2.00 or 3.00 to Category 4.00 which is about twice
the same drop for underachievers. When overachievers and
underachievers of similar Theoretic-TImmediate score were
compared, common patterns were discovered in those groups

of non-normal achievers whose position on the Theoretic-
Immediate scale is extreme: highly Theoretic persons show

a common parallel pattern as do highly Immediate persons,
although the patterns differ in shape for each group. The
highly Theoretic non-normal achievers' pattern is higher

in level than that of the highly Immediate non—normal‘
‘achievers and in addition shows a significant increase in
score from Category 2.00 to Category 3.00. While the highly
Immediate persons showed a drop in score from Category 2.00‘
or 3.00 to 4.00, the corresponding drop for highly Theoretic
non-normal achievers is about twice as much. The highly
Immediate group pattern fits a hypothesized pattern (Hés))
more closely than any other pattern which emerged.

The similarity in shape of the overachievers' and
highly Theoretic non-normal achievers' patterns 'is notice-
able; underachievers and highly Immediate non-normal
achievers likewise have patterns of similar shape. These
similarities suggest a common factor of interest in chem-
istry achievement. One explanation that might be put forth
is that highly Theoretic students are those who are

intrinsically motivated toward chemistry achievement; over-

achievers are likely to be highly motivated extrinsically.



L

220
On the other hand, highly Immediate students by definition
do not have intrinsic motivation toward chemistry (or any
other academic subject), while underachievers as a group
are probably underachieving in chemistry for extrinsic
reasons.

Motivation does not explain why overachievers or
non-normal highly Theoretic students make better scores in
Category 3.00 than in Category 2.00.. The present writer
suspects that the tasks required by Category 3.00 items
receive more emphasis in the chemistry classroom than that
received by Category 2.00 tasks; for example, most numer-
ical problems are found in Category 3.00. Overachievers
or highly Theoretic students would likely concentrate on
such tasks, having noted the relative emphasis given to
these in the classroom.

The same argument may be advanced for the differ-
ential achievement obsexved in-Category 4.00. The drop to
Category 4.00 is partly the result of the subtest's com-
paratively large standard error of measurement, but this
reason cannot account for the differences in drop observed
between the two éroups being compared. Overachievers may
not be able to achieve as well in this type of mental
activity as in the activities required for Categories 2.00
and 3.00. Underadhigvérs are likely to do poorly in all .
categories, and Category 4.00 achievement may not suffer by

comparison to as great an extent.
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It is this investigator's impression that the tasks
required for Category 4.00 are not emphasized in the intro-
ductory course which has bec: taught in Ontario classrooms.
If this impression is true, then for highly Theoretic non-

normal achievers the tasks required may represent those

which are quite unfamiliar to them. Highly Immediate persons .

are not likely to be interested in such tasks (even if they
are taught in the'classroom), and their achievement level
may reflect scholastic aptitude more than that of the highly
Theoretic persons; the result is likely to be a reduction

in the contrast between Categories 3.00 and 4.00.

It is important that the above explanation be con-
sidered to apply to only a portion of the students classed
as underachievers or overachievers. For the prediction of
academic achievement, ability is but one kind of necessary
information; what is left after ability has been used as a
predictor is unexplained variation, much of which might be
accounted for by predictive factors not used in the present
study. Some such factors likely would be the student's
perceived importance of the test, his intefest in the prob-
lems presented by the particular test administered, his
susceptibility to anxiety, his degree of coﬁformity to
parental expectations of success, and so forth.

In spite of the foregoing speculations, the nature
of the abilities represented in Category 4.00 remains to be
explained. The AID run showéed that scholastic aptitude

explains only a small part of the explainable variance;
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what factors explain the remainder remains to be invest-
igated. The possibility that Category 4.00 may be
multidimensional should be seriously considered. Also to
be considered is the possibility that, in spite of satis-
factory item statistics, the items in Category 4.00 were
poorly constructed for the purpose of measuring rep-

resentatively the abilities subsumed under the Taxonomy

heading "Analysis".

Why profiles involving only Categories 2.00, 3.00,
and 4.00 give rise to coherent patterns is not answeréd
by the present study. One advantage of having clearly i
defined patterns is that, given a student's score on a

particular subtest represented in the pattern, and given

the group to which the student belongs, one is able to

predict the student's score on other subtests. The find-

&

ings show that students with similar achievement profiles
in Categories 2.00, 3.00, and 4.00 may be expected to vary
widely in their achievement in Category 1.00. The find-
ings lead one to conclude that specific chemistry knowledge.
is not predictable on the same bases as non-knowledge
objectives, or that common achievemenﬁ trends in Categories
2.00, 3.00, and 4.00 are not reflected in the acquisition
of knowledge.

While Category 4.00 secems to possess a measure of
singularity not found in the three lower categories, at
least some common achicvement trends may be discerned in the

profiles consisting of Taxonomy Categories 2.00, 3.00, and
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4.00. On the other hand, Category 1.00 possesses a measure
of unpredictability not found in the three higher cate-
gories when profiles are considered. Kropp, Stoker, and
Bashaw's (1966) suggestion that Category 1.00 may be
multidimensional is worth exploring in the light of these
findings.

It seems that, depending on the specific research
purpose an investigator has in mind, useful groupings of

the Taxonomy categories would be "1.00 versus not 1.00",

(as used by McFall, 1964), "not 4.00 versus 4.00", or for
analysis of profiles, 1.00, 2.00 and 3.00, and 4.00.

Why normal achievers' scores do not form coherent
patterns across the score range of the variables investi-
gated is difficult to answer. While normal achievers, by
definition, form large groups, the group size alone cannot
explain the relatively large interaction F's observed:
some small groups had large interaction F's while some
large groups had non-significant interaction F's.

The absence of stronger relationships than those
observed in the present study may lead one'to conclude that
OTAC itself.is insensitive to most of the factors expected
to have some bearing on achievement in chemistry, and is
not sufficiently sensitive to measure adequately the object-
ives it purports to measure. This criticism is valid to
some degree; while extensive cross-validation of OTAC
was not éttempted in the present study, the reliability of

the subtests (a precondition for validity) seems low, and
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longer subtests would quite Likely improve both the relia-
bility and validity of each subtest. The test may appear
especially insensitive to achievement in Category 4.00, but
a possibility exists that skills in this cognitive area

were not taught to a subséantial extent in the classroom.

If may also be claimed that a good chemistry test should

be relatively free of the influence of factors such as those
which were studied in this investigation; perhaps the
present writer has succeeded too well in this respect.

The categories of the Taxonomy comprise wide sets

of abilities and it is quité likely that considerable over-
lap will occur hetween categories. The dependence upon
factual knowledge of items in higher categories also tends

to prevent clear definition of the Taxonomy's main sub-

divisions. The apparent lack of sensitivity of OTAC may
thus be due, in part, to some measure of ambiguity inherent

in the higher levels '‘of the Taxonomy; the condensation of

the Taxonomy into fewer main categories carried out by

McFall (1964) and Winter et al.(l965) supports this con-
tention.

Lack of sensitivity may be related also to the
attempt to keep difficulty constant from subtest to subtest;
it is possible that item difficulty cannot be divorced from
taxonomic level. However, since a good simplex was obtained,
it is evident that hierarchical structure amongst the sub-
tests existed in spite of the attempt to equalize subtest

difficulty.
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Since OTAC meets adequately the criteria of conven-
tional tests and compares favorably in those characteristics

empirically reported for Taxonomy-type tests, it roemains

debatable whether the test is generally insensitive or
whether it is relatively immune to the influence of those
factors which are indirectly concerned with chemistry
achie&emeht. The ‘comments of the teachers whose students
wrote OTAC, the comments of the panel of judges, and the
verification of the test's scientific accuracy by two
eminent chemists familiar with the teaching of high school
chemistry in Ontario lead to the conclusion that the test
has high curricular validity for the program of studies
followed in Ontario. It must be admitted that for the
purpose of analyzing profiles according to scores obtained

on Taxonomy category subtests, the test may not be adequate;

at present there is a scarcity of empirical evidence regafd—
ing the sensitivity required of Taxonomy-type tests to
reveai'differencés in profile structure.

The data collected permitted a number of comparisons
to be made which were not concerned with the patterns of
achievement measured by OTAC but which are related to high
school chemistry achievement in Ontario. Appendix L con-
tains some results of analyses of covariance applied to
achievement in the cognitive objectives measured by OTAC;
Appendix M contains somne remarks concerning achievement in
chemistry as measured by teachers' marks, and the relation-
ship of these marks to OTAC scores and average marks

obtained by students on final examinations.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The purpose of the present study was to describe
the variafions which occur in the attainment of cognitive
objectives in high school chemistry, to identify patterns
of achiévement in terms of these cognitive objectives,
and to investigate the relationship of achievement of
these objectives and their patterns to certain personal,
attitudiﬂal, and environmental factors.

The cognitive objectives studied were restricted
to Knowledge, Comprehension, Application, and Analysis as
defined by the Taxonomy of Educational Objectives,
Cognitive Domain. The Ontario Test of Achievement in
Chemistry (OTAC), a 60-item end-of-course test designed to
measure these cognitive objectives, was constructed and
developed over a three-year period. Each cognitive
objective was represented by a subtest; approximately 40%
of the items were devoted to testing Knowledge with the
remaining 60% split almost equally among Categories 2.00,

3.00,. and 4.00 of the Taxonomy.

The sample consisted of 2,339 Grade 12 Chemistry
students enrolled in the General Course (a college-

preparatory course) in Ontario schools. Of 50 schools
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selected at random, 30 agreed to participate in the study.
All students in the participating schools who were enrolled
in Grade 12 Chemistry and in attendance on the testing day
wrote the test. Most of the testees responded%to a personal
questionnaire and to the Inventory of Choices, a measure of
attitudinal orientation developed by Edwards and Wilson.

Students' scores on the Scholastic Aptitude Test,
Ontario edition (SATO) 1963-64, were retrieved from the files
of the Department of Educational Research, of the Ontario
College of Education, University of Toronto. Other da£a
gathered included sex of student, educational plans and occu-
pational aspiration,_family data, some features of the home
environment, some characteristics of the school environment,
and characteristics of the chemistry teacher. Final marks in
chemistry and average Grade 12 final marks were also obtained.

It was expected that wide variations in the attainment
of the cognitive objectives would occur and that total OTAC
scores would show substantial correlation to SATO scores,
final chemistry marks, and average final examination marks;
lower correlations of OTAC subtest scores *+o the above factors
and between each other were also expecﬁed.l

It was hypothesized that distinct patterns of achieve-

ment, as measured by Taxonomy subtest scores with scholastic

aptitude held constant, would emerge across groups of

students falling in various classifications; it was also

lReference to Appendix M shows that these expectations

were generally fulfilled.
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hypothesized that the attainﬁent of cognitive objectives
and patterns of these objectives would be rclated to var-
ious personal, attitudinal, and environmental factors.

To illustrate, highly Prudent students would be expected
to have a pattern (defined by the descending means of the
subtest scores) which differed in shape from that of highly
Theoretic students, and which differed in level from that
of highly Immediate students. In a similar manner, other
personal, attitudinal, and environmental factors might be
‘expected to be related to patterns of achievement. Inter-
actions among the factors were expected to arise.

The analysis of the data revealed wide variation in
the achievement of Knowledge, Comprehension, Application,
and Analysis. The Comprehension subtest exhibited the
greatest relative dispersion of scores, with Application
showing less, Analysis still less, and Knowledge the least
relative dispersion.

The Analysis subtest appeared to be somewhat unusual
in that achievement in this area was more highly related
to verbal ability than to mathematical ability, a situation
not found in the other subtests; the correlation between
Analysis and SATO scores was much lower than similar cor-

relations involving the three lower Taxonomy categories.

The correlations of the Analysis subtest to other subtests
were much lower than the correlations observed between the
other subtests. The reliability of the Analysis subtest was

guite low and consequently the standard error of measurement

s B R S Y SR - POYVIEY



229

was quite large compared to that of the other subtests.

The Automatic Interaction Detector (AID) program
results revealed that a large number of personal, .atti-
tudinal, and environmental factors made no important
contribution (that is, more than 0.5%) to the explainable
variance of the total chemistry score. SATO Mathematics
and SATO Total Verbal scores accounted for most of the
variance explained, with SATO Mathemat.cs accounting for
more than 2.5 times the variance explained by the Total
Vexrbal scorxre. The school environment, the immediate edu-
cational plans, and the Theoretic~Immediate score of the
Inventory of Choices accounted largely for the remainder
of the explainable yariance. Prudent~Theoretic scores,
future educational plans, and best subject accounted for
small amounts of the explainable variance of OTAC total
scores. A number of teacher variables, such as sex, quali-
fication, experience, and work load (but not including
personélity variables) failed to account for any important
portion of the explainable variance.

Variables which accounted for impo;tant portions
of the explainable variance of the total chemistry scores
were found to act most effectively in specific ranges of
aptitude. Tmmediate educational plans discriminated best
amongst students of moderate to very low mathematics apti-
tude, and below—average to very low verbal aptitude. The
4--point Prudent~Theoretic scaie discriminated best in the

" moderate to low mathematics aptitude range, and the above-
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average ta very high verbal aptitude range. The Theorctic-
Immediate scale discfiminated best amongst students with
above-average to very high scores in both SATO Mathematics
and Total Verbal.

The unidentified school environment variable made
important contributions to the explainable variance in two
ranges of scholastic aptitude: (a) moderate to very low
mathematics and below-average to very low verbal ability,
and (b) moderate to low mathematics and average to very
high verbal ability. Future educational plans likewise
discriminated in two restriéted score ranges, one being
further restricted to students of Theoretic orientation;
the best subject variable was still further restricted to
students of the Theoretic subgroup intending to enter uni-
versity. The Prudent-Theoretic l2-point scale did not
function most effectively in the same aptitude range as the
Prudent-Theoretic 4-point scale.

An AID analysis on the Analysis subtest showed only
SATO Mathematics and SATO Total Verbal scores to he effeé—
tive in explaining an important portion of the variance of
the subtest. In this case about 88% of the variance was
not accounted for, and no interaction between the two main
explanatory variables was detected.

SATO Mathematics x SATO Total Verbal was the most
common interaction to emerge from the AID analyses; higher

order interactions invariably involved the$e two factors.
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Some interactions involving a third important factor were
investigated in the pattern analyses.

Pattern analyses were performed on residgal scores
which were obtained by subtracting predicted scores from
obtained scores. Predicted scores wére calculated from
SATO Total Verbal and SATO Mathematicé scores by appropriate
regression equations. To meet the requirements of Haggard's
method of pattern analysis, the residual subtest scores
were normalized and standardized on the same scale, and
then stabilized by dividing by the respective standard error
of measurement adjusted for inclusion of SATO components.

Immediate educational plans, Prudent-Theoretic score,
and Theoretic~Immediate score proved useful in identifying

groups of students. Two methods of forming groups for

]
\ "

analysis were used: (a) selection of groups by the AID
program; (b) stratification of students on relative achieve-
ment and then formation of groups within these strata on
the basis of the three identifying variables.

For groups selected by the AID program and for
groups selected on the basis of over-, undér—, or normal
achievement, no congruent or parallel'patterns emerged

across all four categories of the Taxonomy. When profiles

consisting of three of the four subtests were analyzed,
congruent patterns emerged only when Categories 2.00, 3.00,
and 4.00 were involved.

The immediate educational plans group selected by

the AID program gave rise to two patterns showing small
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but significant differences in level; the students who
intended to complete Grade 13 had a slightly higher level

of achievement in all threce Taxonomy categories, but no

significént difference in shape of the two patterns was
observed.

In groups stratified according to relative achieve-
ment, congruent or parallel patterns failed to emerge
across Categories 2.00, 3.00, and 4.00 for normal achievers
in any grouping. Prudent-Theoretic groupings of under-
achievers did not give rise to congruent or parallel pat-
terns across Categories 2.00, 3.00, and 4.00 over the com-
plete Prydent-Theoretic scale range. Grouping according to-
immediate educational'plans did not give rise to congruent
or parallel patterns across Categories 2.00, 3.00, and 4.00
over both categories of that variable.

Groups of under- and overachievers subdivided on
the basis of Theoretic-Immediate scores produced congruent
patterns of profiies across Categories 2.00, 3.00, and 4.00
and over the complete Theoretic-Immediate score range.

When the groups were pooled and students without Theoretic-
Immediate scores included, it was found that all under-
achievers had the same pattern of profiles regardless of
Theoretic-Immediate score and that all overachievers had

a common pattern of profiles regardless of Theoretic-
Immediate score. The patterns of each group in each rela-
tive achievement stratum were therefore seen to be variants

of the overall pattern of that stratum. However, the two
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strata did not have profile patterns of the same shape (by
definition the patterns must differ in level).

Comparing underachievers and overachievers of like
Theoretic-Immediate score revealed that the patterns of
students holding an extreme position on the Theoretic-
Iﬁmediate scale were similar in shape: highly Theoretic
underachievers and highly Theoretic oyerachievers had pat-
terns of the same shape; highly Immediate underachievers
and highly Immediate overachievers likewise had pattefns
of a common shape. However, the highly Theoretic patterns
were not of the same shape as the highly Immediate pafterns.
Of course, the differences in level of the patterns of
under- and overachievers were highly significant.

Tests of significance between means showed that,
with two exceptions, the "step" between Categories 2.00 and
3.00 on any pattern was not significant. All other steps
in all of the patterns were significant. For overachievers
and highly Theoretic non-normal achievers the step from
Category 2.00 to Category 3.00 was significant and the peak
of the profile occurred at Category 3.00; in addition, for
both of these groups the drop to Category 4.00 was approxi-
mately twice as many stabilized score units as for the
underach